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CONGENITAL MALFORMATIONS AND DEFORMITIES 
OF THE HAND 


ARTHUR STEINDLER, M.D., F.A.C.S. IOWA CITY, IOWA 


In the terms of primary variation or abnormal pressure, of 
intrinsic developmental error or extrinsic amniotic influences, are 
embodied two principal and antagonistic theories on the origin of 
congenital malformations in general, and those of the hand in par- 
ticular. To these have, in the course of time, been added a num- 
ber of other views for the benefit of special cases or of special 
groups of cases; observation and reports of the last two decades, 
however, brought little decision and the strife is still on. 

Upon the basis of primary developmental aberrations Gegen- 
bauer formulated his Archi-pterygial theory. The primitive first 
ray embraces the radius, scaphoid, trapezium, first metacarpal and 
thumb. 

The amniotic theory of Schwalbe, Dareste and others is on 
the other hand, becoming increasingly difficult to maintain for 
many reasons, some of which will be set forth in the course of this 
paper. Dareste sees in it the explanation of such deformities as 
hemimelia phocomelia, ectromelia, etc. Some deformities are un- 
doubtedly due to amniotic pressure, especially if one considers 
that such pressure may be responsible not only for congenital con- 
strictions and amputations but also for actual inhibition of de- 
velopment and differentiation of the skeleton during the stage of 
scleroblastemic formation. 

The assumption, however, that amniotic bands and adhesions 
may account for bi-lateral and symmetrical deformities is open to 
gravest objections and the instances where the amniotic theory 
seems applicable form an ever decreasing minority. (Gaenslen.) 

Aside from this there still exists a number of cases in which 
other etiological factors ought to be considered. Some may be ex- 
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plained upon a neuro-genetic basis as developed by Duchenne and 
Schulthess, and others. They are classified as myelo-displastic de- 
formities. 

Duncker, in discussing congenital Claw Foot and kindred de- 
formities calls attention to spinal maldevelopment, rachischisis or 
indications of spina bifida occulta. The analogy of such cases with 
deformities of the upper extremities accompanied by malforma- 
tion of the spine or thorax, as we have had occasion to observe, is 
obvious. 

There are, finally, numerous cases of skeletal malformation of 
all kinds, which present the clinical syndrome of polyglandular dis- 
turbances, especially functional anomalies of the hypophysis. 
Such instances will be referred to in the proper chapters. 

Heredity and familial tendencies are found more or less promi- 
nent in many if not in all deformities of the hand. They form a 
back ground to the several types of mechanisms by which develop- 
ment of deformities is accomplished. 

I venture to suggest as a workable scheme, based upon clinical 
rather than etiological features, the following classifications: 


CLINICAL CLASSIFICATIONS 


A. Deformities by developmental suppression, agenesis: 
1. Congenital Defect of the Forearm Bones. 
2. Lobster Claw Hand. 
3. Ectro-dactyly (A-phalangism). 
4. Hemimelia. 
B. By Developmental Arrest. 
1. Syndactyly. 
2. Sym-phalangism. 
C. By developmental aberrations. 
1. Polydactyly (Some cases). 
2. Hyper-phalangism. 
D. Dysplastic Conditions. 
1. Chondro-dystrophy. 
2. Brachy-dactyly (some cases). 
3. Fusion of carpal bones. 
E. Polyglandular Dystrophy. 
1. Polydactyly (some cases). 
2. Macro-dactyly. 
3. Arachno-dactyly (partial gigantism). 
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F. Contractures (Neurogenetic or amniotic). 
1. Contracted Club Hand. 
2. Contracted fingers. 
3. Amniotic contractures (non symetrical). 

One does not gain the impression from the study of the litera- 
ture on the subject that a decision has been gained in favor of one 
or the other of the principal doctrines on congenital malformation. 
Much of this is due to the very frequent and perplexing complica- 
tions found in cases of malformations. Such combination as poly- 
dactyly and syndactyly, congenital defects of the forearm bones 
and syndactyly, ectrodactyly and syndactyly for instance are not 
at all exceptional and naturally complicate the application of any 
one of the theories to a given case. Many more investigations of 
«natomical and embryological type will be necessary before any 
amount of clearness will be brought into etiological questions con- 
cerning malformation of the hand. 

Our series of 25 cases of malformation of the hand represents 
one half of 1 % of all the Orthopaedic conditions seen within a 
period of ten years. It is entirely in line with other contri- 
butions in the literature in as much as it cannot claim to bring out 
any further decisive points in favor of one or the other of the prin- 
ciple genetic theories. But I think that a number of cases can be 
shown in which peripheral deformity is complicated by central 
anomolies either of the spine or other structures, of a character 
which dates the origin of the deformity back into earlier embryonal 
life and is naturally at variance with the assumption of. extrinsic 
mechanical influences. 


1. CONGENITAL CLUB HAND 


According to Archipterygial theory of Gegenbauer the deform- 
ity comes about by suppression in the development of the first ray, 
including radius, scaphoid, trapezium, lst metacarpal and thump 
or, more rarely by suppression of other primitive rays of the hand. 
The regularity of the defect and frequent symmetry makes an ex- 
planation by mechanical causes such as pressure of the uterine 
wall or amniotic constricture very difficult. The radius being de- 
velopmentally behind the ulna a deformity by inhibition of growth 
of the former can be readily understood. This explains also the 
preponderance of the radial club hand over the ulnar. (Keibel and 


Moll.) 
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Up to 1904 Kirmission reported 67 cases of which 57 showed 
total and 10 partial bone defect. Up to that time only 13 cases of 
congenital defect of the ulna were collected according to Blencke. 

McCurdy in 1906 reported 45 cases, Antionelli 114 cases with 
total or partial defect of the radius, while Whitman in 1912 found 
over 200 cases in the literature. Observations of congenital absence 
of the ulna are very much more in the minority. Blencke (1904) 
refers to a family of nine of which four showed this deformity. 


Bi-lateral defects are as frequent as uni-lateral. Complica- 
tion with other deformities are frequently seen. Of 57 cases col- 
lected by Rosencratz 35 cases were complicated by congenital club 
feet. (Haudek.) 

Blencke’s cases of congenital! defect of the radius also showed 
complications with club feet. Combination of complete bi-lateral 
absence of the radius with apparent absence of all bones of the 
carpus is reported by Dareste. Other instances of combination 
with congenital club foot are cited by W. Taylor and Wirth. 

There have been further observations of interesting combina- 
tions of congenital defect of the radius and thumb, with deformities 
of the thorax. In Dorner’s case there was fusion of the ribs of the 
6th, 7th and 8th being united by bony bridges. 

Kirmisson, dissecting one case of total defect of the radius 
with absence of the thumb found the thumb muscles and muscles of 
the radial side missing, also the long head of the biceps. He 
found an abnormal muscle bundle running obliquely across the 
elbow in front, which he could not identify. In the ulnar club hand 
the defect on the ulnar side involves the ulna and one or two of the 
metacarpals and fingers. In the cases described by Roth the lower 
half of the ulna was missing and only two digits existed. A case 
with defect of the 3rd, 4th. and 5th* fingers and total defect of the 
ulna is reported by Neumann. This was complicated by a web run- 
ning from humerus to the forearm: and limiting extension of the el- 
bow to 45 degrees. Ehrenfried’s case is one of shortening of the 
distal end of.the ulna on the basis of chondro-dysplasia. Anatomi- 
cal data on ulnar club hand deformity are very meager. Watt 
found bi-lateral congenital absence of the ulna in a fetus with 
mono-dactyly, an additional finger being attached to the elbow 
with a web binding the forearm to the humerus. He found the 
superficial extensor group of the forearm present, the deep group 
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missing; the forearm flexors were present tho badly disorganized. 
In the hand only one muscle was present, a lumbrical, arising from 
the lateral side of the tendon of the flexor pollicis. Of the nerves 
of the hand the median was seen giving off cutaneous branches to 
each side of the finger. The ulna ended subcutaneously on the 
median border of the forearm. Corresponding anomalies were 
found in the arterial supply. 

Kirmisson found dislocation of the head of the radius with de- 
fect of the lower end of the ulna in a case of ulnar club hand. In 
his case three fingers were fully developed, the thumb, a com- 
pletely fused index and middle finger, forming one large finger, and 
the little finger. The ring finger was totally missing. 

Of considerable interest are those cases of congenita! club 
hand which are not associated with bone defect. Here again it is 
hard to see, how the amniotic theory can hold in the face of the bi- 
laterality and symmetry of the deformity. These contracted club 
hands are by some considered as club hands in the stricter sense of 
the word because of their analogy with congenital club feet. Ac- 
cording to Tubby their occurrence is rare. They are classified as 
ulnar, palmar, radio palmar, ulno dorsal and radia dorsal club 
hands, according to deviation. 

The club hand deformity is corrected by tenotomy in minor 
cases or by osteotomy according to Hoffa; by excision and reim- 
planting of the ulna in to the carpus (Sayre) ; by longitudinal split- 
ting of the ulna and implantation of the carpus between two halves, 
according to Bardenheuer; by severing of ulna at a point nearest 
to the proximal edge of the carpus and implantation of the ulna 
into carpus according to McCurdy, or by longitudinal splitting of 














Fic. 1—Case 1—Congenital defect of radius. 
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the ulna, up to the cubital end, separating of the halves by muscle 
tissue and manual correction of the deformity according to 
Antonelli. (Rincheval, Lizabue). 

Vulpius used periosteal flaps from the ulna together with cor- 
rection of the deformity. Good results are obtained by Albee who 
implants a tibial graft obliquely into carpus distally and into the 
ulna proximally. 

Our series of club hand covers ten cases of which four are 
congenital deformities with bone defects and six contracted club 
hands. Two cases show congenital absence of the radius. 

1. K. M. 5 mo. Right angle deviation to the radial side, 
complete absence of the radius, the thumb and its metacarpal. Mo- 
tion is normal, the deformity bi-lateral and symmetrical. This case 
was treated by osteotomy of the ulna. 














Fig. 2—CaseE 1—Congenital absence of radius. 


2. R.G. 8 yrs. Radial abduction of the hand to 130 de- 
grees with rudimentary thumb, and a small rudiment of the first 
metacarpal. Defect of the entire lower end of the radius. 


The deformity was treated by removal of a piece of the elong- 
ated ulna, correction of the deformity and formation of a new 
thumb by means of a piece of the 7th rib implanted in the first 
metacarpal and covered with skin flap by the two stage Italian flap 
method. No history of heredity. 
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The following two cases represent instances of congenital club 
hands with defect of the ulna. 

3. J. E.K. 17 yrs. Both hands in ulnar abduction -with 
curving of the radius and absence of the lower end of the ulna. Of 
the carpal bones seven were present, all of the distal and only three 
of the proximal row. The deformity is bi-lateral symmetrical and 
complicated by bi-lateral congenital club feet with defect of the 
fibula. This case was not treated as function of the hand was very 
good. 

4. H. P. 4 yrs. Ulnar deviation of the left hand at right 
angle. Complete absence of the ulna. The deformity is asym- 
metrical and uni-lateral. Motion normal. Complicated by syn- 
dactyly consisting in webbing of the 3rd, 4th and 5th fingers. No 
fingers missing. 

Deformity was corrected by osteotomy of the radius and opera- 
tion for syndactyly of the fingers. No heredity features. 











Fic. 6—Case 4—Congenital defect of 
radius. 
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The following cases represent the group of contracted club 
hand without bone defect. 

5. C.M. 11 mo. Twin child. Followed by another set of 
twins one of which was born with club feet. The patient’s twin 
sister is normal. 

According to the mother’s statement the chord was, at birth, 
twisted around the body. The patient shows contracted palmar 
club hands in flexion of 25 degrees; the deformity is bi-lateral and 
symmetrical without bone defect. The condition is complicated by 
contracture of the elbows, by adduction contracture of the 
shoulders, by flexion contracture of the hips, flexion contracture 
of the knees and congenital club feet; also by Cryptorchism, high 
palate and strabismus. Pending the correction of the congenital 
club feet operative correction of the club hands was deferred and 
treatment carried out with adjustable splints. 

6. A. B. 10 yrs. Bi-lateral, ulno-palmar contracted club 
hand without bone defect. Motion is restricted in wrist and fingers 
in direction of extension and the thumb is fixed in adduction and 
opposition. The deformity is complicated by flexion contracture 
of the elbows, by extreme flexion of the knees and bi-lateral club 




















Fic. 7—CaseE 6—Contracted club hands. 
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feet. This deformity is also treated conservatively pending the 
correction of the club feet and flexion contracture of the knees. 

7. P.T. T yrs. Palmar contracted club hand, right, with- 
out bone involvement. Muscles of the thenar are atrophic. Com- 
plicated by contracture of the elbow, extension being limited to 140 
degrees, atrophy of triceps, rhomboids and deltoid muscles without 
evidence of paralysis. No contracture of the shoulder. The de- 
formity is treated by tenoplasty of wrist and fingers and arthro- 
desis of the wrist. Immediate result is good, both functional 
and cosmetic. 

8. G. H. 6 yrs. Palmar contracted club hand bi-lateral 
symmetrical. There is a little restriction of motion. The deform- 
ity is complicated by flexion contractures of the elbow, by adduction 
contracture of the shoulder, by contracture of flexion of the hips 
of the knees and by contracted equino valgus deformity. It is fur- 
ther complicated by high palate, speech defect, malformation of the 
jaw and by congenital scoliosis with formation of wedge vertebrae. 











Fie. 8—CasE 8—Congenital contracted club hands. 


This deformity was not treated in view of the good function 
of the hand and fingers. 

9. E. T. 6 mo. Ulno palmar contraction of both hands. 
Bi-lateral symmetrical deformity without bone defect. There is 
restriction of extension and radial abduction of the wrist. The 
deformity is complicated by syndactylism of the 2nd, 3rd and 4th 
fingers of the left hand, by flexion deformity of the knees and by 
flexion deformity of the hips, by extension contracture of both el- 
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bows and by congenital club feet. The club feet are corrected 
operatively. Pending this, the treatment of the wrist is carried 
on conservatively by adjustable splints. 

10. F.C. 6 mo. Ulnopalmar contracted club hands, bi- 
lateral symmetrical deformity. No involvement of bone, good mo- 
tion. The deformity is complicated by congenital absence of both 
patellae and genua recurvata. 





od 
7 














Fig. 9—CaseE 8—Congenital contracted club hand. 


This case also treated conservatively by splints pending the 
operative correction of the genua recurvata. 

In none of the ten cases the club hand deformity as such was 
hereditary, with exception of case 9 where the deformity of the 
hands existed in a second cousin. The occurrence of the congeni- 
tal deformities, however, in the other members of the family was 
noted iri several instances. Special attention is called to the vari- 
ous complicating deformities in the cases of contracted club hands. 
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Fic. 10—Case 9—Congenital contracted club hands. 























Fic. 11—Case 10—Congenital contracted club hand. 
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CLEFT HAND 


The hereditary tendency of this deformity is illustrated by a 
report of Tubby of a case of cleft hand, the deformity extending 
thru five generations and being associated with cleft feet. Cases 
of split feet accompanied by Lobster Claw Hand deformity are also 
reported by McKnight and Braridenburg. Bradley’s case of con- 
genital cleft hand deformity is also associated with deformity of 
the foot. Of four cases reported by Bircher two showed hereditary 
tendencies involving mother and daughter. There was a combi- 
nation with polydatyly and spina bifida in one case and synostosis 
and syndactyly in the other case. Combination of hyper-dactyly 
and brachy-dactyly with metacarpal fusion and bifurcation was 
observed in two more cases reported by the same author. 

CASE REPORT—11. R. B. 9 yrs. No family history obtain- 
able. Right hand shows fully developed thumb and index finger on 
the radial side and fully developed little finger on the ulnar side. 
Between these there is a deep cleft reaching to the carpus. The left 
hand shows radially thumb and index finger with syndactyly of 
these two fingers; on the ulnar side there is a fully developed little 
finger and between these is a deep cleft reaching to the carpus. 
Thenar and hypothenar muscles appeared to be fully developed and 
there is excellent motion of the fingers except for the lack of oppo- 
sition of the thumb. The feet show similar cleft. On the right 
hand there is a cleft between first and fourth toes, second and third 
toes missing. The cleft reaches to the tarsus. On the left foot 














Fie. 12—Case 11—Lobster claw hand. 
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there is a cleft between the Ist and 5th toes, 2nd, 3rd and 4th toes 
missing. The cleft also reaches to the tarsus. 

The clefts of the feet were united by operation. The clefts of 
the hands not operated owing to good function of the hand. 


SYNDACTYLY 


Different genetic theories are being advanced in connection 
with this type of deformity; external pressure or amniotic bands 
(Dareste), central neurogenetic influences, primary developmental 
variations or reversion to early type have been considered. A di- 
vision should be made into primary developmental and external 
pressure form of syndactyly. Tubby divides the cases of syndac- 
tyly into (1) Finger webs (cutaneous syndactyly) (2) skin and 
fibrous connection tissue webs, (3) bony union with fusion. Kir- 
misson, too, speaks of a web type (syndactylie membraneuse). 
Some cases are associated with brachy-dactyly. As regards the 
bony fusion it must be considered that apparent fusion does not al- 
ways mean a true fusion of phalanges and metacarpals. While 
identity of the fingers can usually be established even in apparently 
complete fusion there are cases reported where apparently com- 
pletely fused giant fingers are formed with one small nail. In such 
cases the X-ray showed complete skeletal separation of the two 
fingers. (Nove-Josserand.) 

Partial fusion of the fingers and metacarpals is by no means 
uncommon (Bailleul). There are cases in which the fusion con- 
cerns only the proximal half of the phalanx. This might give the 
distal part the appearance of bifurcation such as seen in polydac- 
tyly. Some cases of syndactyly are associated with a-phalangism, 
i. e. lack of one or the other of the phalanges (Lewis). There is 
another type in which fusion concerns the distal part of the fingers 
the bases being more or less free (Acro-syndactyly). 

Combinations with other deformities are not exceptional. Syn- 
dactyly is seen to associate with cleft hand, club hand or polydac- 
tyly. Combination with acrocephaly has been noted by several ob- 
servers (Ruh, Davis, Bertolotti). 

Some anatomical data are at hand from observations of Klip- 
pel and Rabaud. They found the superficial palmar arch to de- 
scend as far distally as to reach the proximal phalanges; the bifur- 
cation from this arch of collateral arteries was therefore, much 
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more peripheral than normal. There were also anomalies in in- 
sertion and course of the tendons. Syndactyly has a strong heredi- 
tary tendency. Luaces reports a syndactylic family of 39 with 14 
syndactylous members, the deformity in some instances skipping 
one generation. There are many other reports of hereditary and 
familial cases of syndactyly, too numerous to mention. 

For the correction of the deformity many operative methods 
have been devised. Zellers.method consists in longitudinal split- 
ting of the web with a triangular flap to cover the base. Tubby 
tunnels the fingers by a flap method from both sides and deals 
with the web after the canal has been completely established. Di- 
dot’s operation, which is most widely used consists in trap door in- 
cisions on the volar and palmar sides with lateral bases, the free 
ends being brought around to cover the raw surfaces of the sep- 
arated finger. A modification of this is Forge’s method who, be- 
sides the dorsal and volar flaps, uses a flap from the dorsum of the 
hand. Spitzy thins out the web by means of prisms contained in 
a small contrivance and pressing against the line of fusion. The 
web is divided later by clipping. 


REPORT OF CASES 


12. E. A. 4 mo. Bi-lateral symmetrical deformity. Acro- 
syndactyly. Bone fusion. All fingers of the hands were fused at 
the tips, complete webbing. Operative treatment, Didot’s method. 

13. W.F. 7 weeks. Syndactyly of the right hand between 
index and middle finger, tips fused. On the left hand the end pha- 











Fic. 13—Case 13—Acro syndactylism. 
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langes are fused on all fingers including thumb. Acro-syndactyly. 
The X-ray shows fusion of the tips of the end phalanges of all 
fingers mentioned. 

This case is complicated by syndactyly of the toes of the right 
foot. The case was treated by plastic operation, Didot’s method 
being used mainly. The operative result was good. On the left 
hand, which was badly fused; four fingers were obtained, 1st, 2nd, 
3rd and 4th. 

14. B.S. 3yrs. Incomplete syndactyly on both hands. In- 
complete webbing, bi-lateral and symmetrical. No bony fusion. 
This case is one of cutaneous syndactyly, complicated by ankylosis 
of middle phalangeal joint of the 4th finger. (Symphalangism). 
Not operated. 

15. G. C. 41% mo. The deformity is bi-lateral and sym- 
metrical the web reaching to the end phalanges of the 2nd, 3rd, 4th 
and 5th fingers. (Cutaneous syndactyly). There are no bone 
changes but there is limitation of motion in metacarpo phalangeal 
joints. This case is complicated by syndactyly of the toes. 











Fie. 14—Case 16—Acro-Syndactyly. 


16. F. W. 11 yrs. Bi-lateral syndactyly with fusion of 
the 3rd, 4th and 5th fingers. The deformity involves more the 
distal parts of the fingers; the nails are completely fused. (Acro- 
syndactyly). The feet show a syndactylous condition of the 
3rd and 4th toes of the web type. The X-rays of the hands show 
incomplete skeletal separation of the phalanges. The case is 
treated by flap method. (Didot). 



































DCFORMITY OF THE HAND 655 

17. R.J. 5 mo. Cutaneous, bi-lateral syndactyly of thumb 

and index fingers preventing abduction of the thumb. No bone 

deformity. Not operated. This case approaches closely the group 
of congenital contractures of the fingers. 























Fic. 15—CaseE 14—After operation. 


18. T.L. 16 years. Bi-lateral syndactyly. One brother had 
3 fingers missing at birth. On the left hand the second, third and 
fourth fingers show fusion from tip to base of proximal phlanges. 
The nails are not fused. There is no bone fusion. On the right 

















Fig. 16—Case 18—Syndactyly. 


hand the second and third fingers are fused as far as the end of 
the proximal phlanges. The third and fourth fingers are fused 
from tip to base. The nails are not joined. Left foot shows syn- 
dactyly of the second, third and fourth toes from tip to base, the 
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right foot of the second and third of the distal end to the proximal 
phalanges of the third and fourth from tip to base. This is a case 
of syndactyly complete in all fingers but without skeletal fusion, or 
fusion of the nails. The history shows hereditary tendency. Case 
was operated by Didot’s method.. Good result. 























Fic. 17—Case 18—Operated. 


19. M. J. 2% years old. One other syndactylous child. 
Mother’s brother has syndactylic ring and middle finger on the 
right hand. This case is one of cutaneous syndactyly of third and 
fourth fingers of the right hand. The case was operated by the trap 
door method with good result. 

















Fic. 18—CaseE 19—Syndactyly. Operated. 
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Of the eight cases of syndactyly reported only two show heredi- 
tary data. Two cases may be classified as acrosyndactyly, the 
fusion being most marked at the tips. Web fingers or cutaneous 
syndactyly was present in three cases. Two cases show more or 
less complete syndactyly without skeletal fusion, the fusion extend- 
ing from tip to base of the fingers. The case of web between thumb 
and index finger resembles more the types of congenital contrac- 
tures than those of syndactyly. 


SYM-PHALANGISM. 


Sym-phalangism or fusion of the inter phalangeal joint is an 
extremely rare condition. Rimbaud considers his case of bone 
fusion of the phalangeal joints of the second to fifth fingers as 
entirely unique in the literature; partial fusion, however, is occa- 
sionally reported. Goldflam mentions 26 ir three generations of 
total of 46 members. Complete ankylosis is also reported by 
Freund and Cushing. We have observed only one case of con- 
genital bi-lateral sym-phalangism of the fifth toes. 


APHALANGISM. 


The absence of the phalanges is a condition of distinctly heredi- 
tary tendency. Cragg and Drinkwater report a family tree of five 
generations with 25 abnormal and 17 normal members. The de- 
formities were divided between brachy-dactyly and entire absence 
of phalanges. The hereditary tendency of absence of digital parts 
is also corroborated by the reports of Clark and others. The de- 
fect concerns mostly the termina! phalanges, sometimes the middle 
phalanges. Farther reaching defects of fingers which include the 
basal phalanges lean more toward the group of ectro-dactylism or 
total absence of fingers. 

This group is considered to be one of the best illustrations of 
amniotic amputation; but here also the bi-laterality of the process 
in many cases makes this explanation difficult. Cases of congenital 
defect of the phalanges are also reported by Neil, Crawford and 
Chesser. < 

CASE REPORT—E. E. 10 yrs. Congenital lack of the end 
phalanx of the index finger. Bi-lateral. The deformity is compli- 
cated with cleft palate and congenital club foot. 
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Ectrodactyly or congenital absence of entire fingers differs 
only in degree from the foregoing group. In uni-lateral cases fetal 
amniotic amputations may be considered as the cause. In other 
cases abnormal osteogenesis and in some central nervous disturb- 
ances may be responsible. The defect may be marginal or central 
(Tubby). Klipple and Rabaud who report four cases of total ec- 
trodactyly distinguish between ectrodactylie phalangienne, the fin- 
gers being represented only by small stumps in which osseous no- 
dules may be noted articulating with the metacarpals; and ectro- 
dactylie metacarpo-phalangienne, in which the metacarpals are 
missing as well as the fingers. To this collection reports are added 
by Lewin of a case with 3rd and 4th fingers missing, and by Judet 
who describes a case of total ectrodactyly of all fingers with only 
three carpals being present. The latter case represents a transi- 
tion to ectromelia. Combination of ectrodactyly with polydactyly 
is reported by Atwood and one with syndactyly by Luaces. 

Polydactyly may be of the central or marginal type and may 
be caused by bifurcation over metacarpal joints or by branching 
off from metacarpals or phalanges themselves (syndactylic forms). 

The marginal form is by far more frequent (Tubby). Lee- 
dorf mentions that in 15,000 new born. children only 10 show poly- 
dactyly, but heredity*ist quite promeunced as seen by reports of 
Benard covering five generations of polydactyly. In Brandeis 
series of a hexadactylous family, in the polydactylous family of 
Atwood, heredity is also a prominent feature. 

Moore reports a family of seven*generations of polydactyly 
with 20 cases among 237 individuals. Amrein, quoted by Brand- 
enburg, reports seven sisters with hexadactyly. According to Dan- 
forth’s investigations on supernumerary’ fingers, these contain a 
cartilaginous core not attached-to the other bones of the hand. He 
found the abductor digiti:minimi sending slips into supernumerary 
digits attached to the little finger. On the volar side the extra 
fingers received a branch from the proper digital nerve to the ul- 
nar side. The extra digits were found to present the element of 
a normal finger in a shortened and more or less abortive condition 
(early period of ontogeny). Complicating deformity is not un- 
common in cases of polydactyly. (Cantley). Combination with 
syndactyly is reported by Fontes; and Klippel and Roebaud report 
a rare combination of a case of polydactyly by metatarsal bifurca- 
tion with syndactyly of the middle and terminal phalanges. Of 
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great interest are the observations of polyglandular syndrome in 
cases of polydactyly. Fontes and Magaloes describe such cases 
of polydactyly with obesity, genital hypoplasia, and a similar ob- 
servation is made by Bertolotti. 

Retinitis pigmentosa and coloboma of the iris were observed 
in connection with polydactyly (Daries) and in general the reports 
on disturbance of function of endocrine glands in polydactyly are 
becoming numerous enough to claim some relation to this and 
similar deformities of the hand. 


CASE REPORTS 


21. R.H. 7 mo. Deformity of the left foot. Polydactyly 
by bifurcation of the end phalanx of the 5th toe. 

22. J.C. Polydactyly of the thumb. Double thumb with 
double end phalanx. The accessory thumb had been removed 
prior to observation but the basal phalanx of the duplicated thumb 














Fig. 19—-CasE 22—Polydactyly. 


was still left, leaving a lateral deformity of the end phalanx of the 
original thumb. Both the secondary and the proximal phalanx 
could be seen distinctly, there was no fusion. No other deform- 
ity. Treated by plastic operation. 

Hyperphalangism. The phalanges differentiate in serial or- 
der, the basal one appearing first and the terminal one last. Ac- 
cording to Graefenberg the terminal phalanges show evidence of 
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being composed of two elements, a proximal and a distal one. The 
distal one, failing to unite with the proximal may represent the 4th 
phalanx. Primitive digits were probably composed of many 
phalanges. Hyperphalangism therefore can be explained upon the 
basis of developmental arrest as failure of fusion of the two halves 
of the terminal phalanx. 

Hyperphalangism is rare. Cases are. reported by Hilgen- 
reiner, Joachimsthal, Reynolds and others. Reynolds describes a 
case in which the thumb has the appearance of the 5th finger, the 
terminal phalanx being shaped so nearly like that of the digit. 
The thenar eminence was absent. In two cases of Joachimsthal 
the index fingers had four phalanges each and in a third case there 
was hyperphalangism of the 3rd finger. He also found evidence of 
heredity in hyperphalangism. 

The X-ray shows distinct deviation from normal type of ossi- 
fication. The distal end of basal phalanx of all fingers in Joachims- 
thal’s case showed an epiphysis (distal ossification center). Seven 
cases of three jointed thumbs were reported by Pitzner who found 
that the middle phalanx was the supernumerary one as it had 
neither distinct epiphysis nor articular surfaces. Freund reported 
a case with an epiphysis of the middle phalanx on both ends. 
Slight deviation of the fingers with accessory phalanges are also 
reported by Roederer, by Dubreuil, Chambardel. In the case of 
the latter author there was a distinct joint dividing second meta- 
carpal into two unequal parts so that the supernumerary link 
seemed to be given off by the metacarpals instead of the phalanx. 

Arachnodactyly was first brought to attention by Marfan in 
1890, who called the deformity dolicho-steno-melie. Since then 
cases have been reported by Achard, Thomas, Dubois, and others. 
The condition is essentially one of abnormal length and thinness of 
the fingers, resembling spider legs. Borger describes two cases; 
in both the deformity was bi-lateral on fingers and toes. Slight de- 
generative changes were seen in one case such as hydrocephalus. 
A case coming to autopsy showed flattened epiphysis, fatty bone 
marrow and scarcity of trabeculae and osteoblasts. These findings, 
also, seem to indicate involvement of endocrine gland. For this 
reason the last named author considers arachnodactyly as a form 
of partial gigantism based upon defective development and pos- 
sibly early exhaustion (intrauterine) of endocrine glands. 
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CONGENITAL CONTRACTURES. AMNIOTIC FURROWING. 


To a number of cases the amniotic theory is doubtless ap- 
plicable. Such cases are characterized by amniotic grooves, ampu- 
tations, partial or complete, of fingers or limbs. They are asym- 
metrical and uni-lateral. 

CASE REPORTS—23. L. T. 2 yrs. Shows amniotic furrows 
and grooves of the index, 3rd and 4th fingers of the left hand. Mo- 
tion of the index finger is slightly restricted otherwise normal 
function. The case is complicated by spontaneous amputation of 
right leg in lower third of tibia, absence of the 2nd phalanx of 2nd 
toe left foot. No other signs of degeneration or deformity. Amni- 
otic scars and groove leave no doubt as to the origin of this de- 
formity. 











Fic. 20—CaAse 23.—Amniotic Constrictions. 


The deformity was treated by application of an artificial 
limb to the stump of right leg, and by plastic operation of the con- 
stricted fingers. 


Congenital contracture of the fingers, whether due to amniotic 
constrictions or primary developmental errors, are not frequent. 
Some of these have already been described under the heading of 
contracted club hand without bone deformity (Tubby). Finger 
contractures have been seen in connection with cleft hand or club 
hand. Hereditary tendency exists in the cases of Gassul, who re- 
ports on congenital contractures of the 4th and 5th fingers, sym- 
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Fig. 21—Case 23—Amniotic Constrictions. Operated. 

















Fic, 22—Case 25—Congenital contracture of hand. High scapula. Congenital 


scoliosis. 
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metrical on both hands through three generations, about 75% of 
the family being involved. 

We have noted congenital contracture of the fingers in two 
cases. 

24. B.A. 5mo. Contracture of the 4th finger of left hand. 
Condition closely resembles snapping finger and is possibly due to 
thickening of the sheath of the flexor tendon. This condition is 
uni-lateral without hereditary tendency. It yields readily to 
splinting. 

25. H.A. 2yrs. Contracture’of the 2nd, 3rd and 4th finger 
in flexion of the left hand. No bone deformity. Skin webs hold- 
ing 3rd, 4th and 5th fingers in position, leaving 2nd finger and 
thumb free. The case is complicated by very remarkable develop- 
mental changes in the spine and thorax. There exists congenital 
elevation of the left scapula, fusion of 3rd and 4th rib, right side. 
Irregular web shaped formation of the 5th dorsal vertebrae and 
fusion of the 5th and 6th rib, left side. 

The deformities of the spine, scapula and ribs indicate a cen- 
tral lesion and exclude any explanation by amniotic construction. 
Case treated by skin plasty and deformity corrected. 


SUMMARY 


1. Of the 25 cases reported, hereditary tendencies were in 
evidence in 5 cases, deformities of the hand being found in other 
members of the family in 3 cases, other deformities or anomalies 
in 2 instances. Identical deformities in family twice, one case of 
syndactyly and one case of congenital club hand. 

2. Complicating deformities of the extremities were found 
in 15 cases, among which complicating deformities of the hand 4, 
namely; Symphalangism in 1 case of syndactyly; Syndactyly in 
one case of congenital ulnar club hand; Syndactyly in one case of 
contracted club hand, and Syndactyly in one case of lobster claw 
hand. 

3. Complicating deformities of the spine and thorax were 
found in 3 cases. 

Rhachitic deformities of spine and thorax in 1 case of syndac- 
tyly. 

Congenital scoliosis with wedge shaped vertebrae in 1 case of 
contracted club hand. 
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Elevation of scapula, wedge formation of vertebrae and fusion 
of ribs in one case of congenital contractures of the fingers. 

4. Complicating signs of degeneration and general develop- 
mental aberrations were found in 5 cases: 


Acrocephaly in 1 case of syndactyly. 


Malformation of genitals, high palate in 2 cases of contracted 
club hands. 


High palate, malformation of maxilla in 1 case of contracted 
club hands. 


Cleft palate in 1 case of aphalangism. 


Three cases of this group showed deformities and contractures 
in all extremities. 


5. Birth complications were found in 4 cases. 


Instrumental delivery in 3 cases (1 syndactyly, 2 congenital 
club hands). 


Twin birth and chord constriction in 1 case (contracted club 
hands and general contracture). 


6. Primary developmental errors were assumed to be the 
causative agent in the majority of cases, in one case only amniotic 
constrictions could be held responsible; polyglandular (endocrine) 
dysfunction was suggested in 3 cases by malformation of the 
bones of the head and genital hypoplasia. 
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THE PRINCIPLES OF TREATMENT OF CONGENITAL 
TALIPES EQUINO-VARUS 


BY R. C. ELMSLIE, M. D., F. R. C. S. LONDON, ENG. 


British Orthopaedic Association, Edinburgh, June 4, 1920 
PATHOLOGICAL ANATOMY 


Two points in the treatment of congenital talipes seem to me 
to require emphasis. It is essential that we should think more of 
the resulting functional use of the foot than of the apparent correc- 
tion of the deformity. This necessity has not always received the 
attention that it deserves from orthopaedic surgeons, this is the 
first point, the second is that when a cutting operation has to be 
performed the actual procedure adopted should be based upon the 
known pathological anatomy of the deformity. Most of the opera- 
tive procedures that have been advocated either fail to take account 
of the pathological anatomy at all, or interpret it wrongly. The fol- 
lowing brief account of the pathological anatomy is based chiefly 
on Walsham’s description, this in its turn takes into account the 
anatomical descriptions of Scarpa, Adams, Shattuck, Parker, Bes- 
selhagen, Scudder, Hoffa and Redard. 

Walsham groups cases into (1) children with congenital club 
foot upon which they have never walked, and (2) relapsed and in- 
veterate cases in which the foot has been walked upon in the de- 
formed position. It will be simplest to take the latter class first 
indicating which of the changes seen in them are already present 
in the infant. The chief points for consideration are: 

1. The alteration of relationship between the bones. 

2. Alterations in the articular facets whether primary or 
secondary to the deformity. 

3. Alteration in the shape of the bones. 

4. Shortening of ligaments and 

5. Shortening of muscles and tendons. 

In describing the anatomy of an inveterate case I shall refer 
to a specimen of congenital club foot which had never been treated 
and which was removed by amputation by me from a woman 38 
years of age, the changes present are essentially the same as those 
described by Walsham, and I have been able to compare the speci- 
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men with Walsham’s which are at present in the museum at St. 
Bartholomew’s Hospital. 

The chief factor in the. varus part of the deformity is a dis- 
placement of the scaphoid and cuboid inwards at the midtarsal 
joint with a rotation of the os calcis which brings its anterior ex- 
tremity downwards and inwards. The chief anatomical factors in 
producing the equinus part of the deformity are plantar flexion of 
the ankle joint and a displacement of the scaphoid downwards in 
its relationship to the astragalus. In most descriptions much em- 
phasis has been laid upon the deformity of the bones themselves 
particularly of the astragalus and os calcis; both Walsham and 
Tubby consider that these alterations constitute a large part of the 
anatomical deformity in the inveterate case, it is necessary there- 
fore to consider what the changes are. 

The astragalus lies in a position of plantar flexion at the ankle 
joint, the most striking abnormality is an increased obliquity of 
the neck of the bone downwards and inwards. The measurement 
of this obliquity would appear to be a difficult matter. Parker 
measured the inward obliquity as follows: The astragalus with its 
trochlear surface upwards and horizontally was placed beneath a 
fine thread fixed across it, a second thread was fixed at right angles 
to this along the midline of the trochlea and parallel with its inner 
border, whilst a third was placed along the outer margin of the 
neck of the bone so as to intercept the other two. The angle formed 
by the meeting of the two threads last described was taken as the 
measurement of the obliquity of the neck. Using this method a 
good deal must evidently depend upon the decision as to which is 
the inner border of the neck. In the normal astragalus, the an- 
terior articular facet (for the scaphoid) is weil marked and its 
outer edge marks the anterior extremity of the neck of the bone, 
but in a case of an old standing talipes the outer part of this par- 
ticular facet has never been in contact with the scaphoid, is denuded 
of cartilage, flattened and often separated from the rest of the ar- 
ticular facet by a marked projection. If this latter projection is 
taken as the anterior extremity of the outer margin of the neck the 
apparent inward obliquity will be very largely increased. Parker’s 
measurements were as follows:—for the normal adult from 0° to 
26° with a mean of 10.65°. For the foetus at term from 35° to 
42° with a mean of 38°. For cases of talipes from 31° to 64° with 
a mean of 49.6°. A striking point in these figures is that’there is a 
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greater difference between the angle in the normal foetus and the 
normal adult, than there is between the child with talipes and the 
normal foetus. It seems probable that the proper development of 
the outer part of the articular facet for the scaphoid depends upon 
the latter bone coming into working relationship with it. In the 
foetus the foot is habitually inverted, eversion only becoming the 
habitual position after birth, probably the adult type of astragalus 
develops only after the foot begins to bear weight. 


* The second point in the figures is that the difference of angle be- 
tween the foetal and talipedic types amount only to an average of 
11.6°, whereas the angular inversion deformity in a bad club foot 
is 90° or more, this inward obliquity of the neck of the astragalus 
can therefore only account for a small fraction of the deformity. 
The downward obliquity of the neck according to Walsham and 
Parker varies greatly in different cases amounting on an average 
to some 40°, the maximum being 70°. It also is partially ac- 
counted for by a mal-development of the upper part of the anterior 
articular surface. It would appear, however, that when there is 
much downward obliquity it forms an important element in the 
equinus part of the deformity. The alteration in the articular 
facets of the astragalus is of great importance. As already men- 
tioned the active anterior facet for articulation with the scaphoid 
faces downwards and inwards and includes the area which in the 
normal bone articulates with the inferior calcaneo-scaphoid liga- 
ment. Above and to the outer side the scaphoid facet is flattened 
and denuded of cartilage and often marked off from the active facet 
by an angle so that the anterior end of the astragalus forms a cone. 
Over this part of the articular surface, the astragulo scaphoid and 
external calcaneo-scaphoid ligaments are stretched. The upper ar- 
ticular surface for the tibia is small and situated far back, its an- 
terior portion being atrophic and uncovered by cartilage. The 
other facets are altered but the changes do not seem to be of very 
great importance from the point of view of correction of the de- 
formity." 

The os calcis lies obliquely, its posterior end is tilted upwards 
and outwards so that it lies nearer the external malleolus than in 
the normal foot, the anterior extremity points downwards and in- 
wards and is at the same time twisted so that the outer surface 
comes to lie underneath. The articular facet for the cuboid there- 
fore points more inward and downward and less directly forward 
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than in the normal foot. This position of the os calcis is simply an 
exaggeration of that which the bone assumes when the foot is 
plantar flexed and inverted. The cuboid is subluxated inwards on 
the os calcis, the facet for articulation with it lies to the inner side 
of the anterior extremity of the os calcis, the outer part of this an- 
terior extremity is prominent and rounded forming part of the sur- 
face upon which the patient walks. Thus the anterior extremity of 
the os calcis becomes conical in shape. On:‘the upper surface of the 
os calcis the posterior articular facet for the astragalus is shifted 
forward and extends on to the sustenaculum tali, the anterior 
facet may be absent, there may be a facet on the sustentaculum tali 
for articulation with the scaphoid. In the cuboid and scaphoid the 
chief changes are those of position, the rest of the bones of the 
foot are little altered. 

We see therefore that in an inveterate club foot a large part 
of the varus element of the deformity is due to a subluxation in- 
wards of the scaphoid and cuboid, a smaller part of the deformity 
to an alteration in shape in the astragalus and os calcis. The chief 
ligamentous structures which hold the scaphoid and cuboid in their 
inverted position are those which lie in front of the internal malleo- 
lus and unite it and the os calcis to the scaphoid, those are the in- 
ternal lateral ligaments of the ankle joint and the internal and in- 
ferior calcaneo-scaphoid ligaments. The internal lateral ligament 
(deltoid ligament) is usually described as consisting of three parts, 
the posterior attached to the astragalus, the middle attached to the 
sustentaculum tali and the anterior attached to the scaphoid. The 
posterior part of the ligament can take no part in preventing the 
correction of a varus deformity, the middle fibres may prevent a 
correction of the position of the os calcis, the anterior fibres blend 
with the internal and inferior calcaneo-scaphoid ligaments into a 
dense and strong ligamentous mass attached posteriorly to the in- 
ternal malleolus and sustentaculum, and anteriorly to the tuber- 
osity and adjacent surface of the scaphoid. This has been named 
by Parker the astragalo-scaphoid capsule, forming as it normally 
does the capsule of the inner part of the midtarsal joint. In an in- 
veterate case of club foot this capsule is converted into a dense 
fibro-cartilaginous mass binding the malleolus and the sustentacu- 
lum very closely to the tuberosity of the scaphoid; measured from 
its surface through to the neck of the astragalus the mass may be 
34 in. to 1 in. in thickness. Its appearance in my specimen shows 
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that it would be impossible to rupture it by force applied by the 
hand or by an osteoclast, the tendon of the tibialis posticus passes 
over this mass and is inserted into its lower part and through it 
into the scaphoid. It is however the fibro-cartilaginous mass that 
resists eversion of the foot and not the tendon. In my specimen the 
division of the tendon at the time of amputation did not enable any 
correction of the deformity at the midtarsal joint to be carried out. 


The only other ligaments that need be mentioned are those at 
the back of the ankle which may prevent correction of the equinus 
part of the deformity. The posterior ligament is often blamed and 
a special operation has been devised for its division, dissection 
however, shows that the posterior ligament is a very feeble struc- 
ture and it should be easily ruptured by manual force. It is pos- 
sible however that the posterior fasciculus of the external lateral 
ligament is of some importance in resisting dorsiflexion of the foot. 
Finally it is said that the upper articular surface of the astraga- 
lus in a case of inveterate talipes is too wide in its anterior part to 
fit between the malleoli so that a resistance to dorsiflexion thus 
exists; I have no proof or otherwise of this assertion. 

In the club foot of the young child the changes described above 
are all present. Parker and Walsham have shown that the altera- 
tion in the shape of the bones is already present to a considerable 
degree. The alteration in the articular facets is, as would be ex- 
pected, less evident, and the astragolo-scaphoid capsule, though 
contracted and hard, is much less resisting than in an old standing 
case. In my opinion the importance of the tendons in maintaining 
a deformity has been much exaggerated. Doubtless the tendons of 
the tibialis anticus and posticus and the tendo-Achillis have a con- 
siderable part in the original production of the deformity; the re- 
sistence which the first two named offer to correction is, however, 
trivial. The tendo Achillis does offer considerable resistance as 
also in many cases does the plantar fascia. 

To sum up the pathological anatomy, in an infant most of the 
deformity is due to displacement at the ankle joint, sub-astragaloid | 
joint and midtarsal joint; a smaller portion being due to alteration | 
in the shape of the neck of the astragalus and anterior part of the 
os calcis. The resistance to correction is formed largely by the | 
astragolo-scaphoid capsule, the plantar fascia and the tendo-Achil- | 
lis, the resistance of the tibial tendons being much less important. | 
In inveterate cases the importance of the astragolo-scaphoid cap- 
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sule is very much greater and in addition the displacement of the 
anterior articular facet of the os calcis on to the inner side of the 
bone is very important because whereas it is possible after di- 
vision of the astragolo-scaphoid capsule to replace the scaphoid 
upon the astragalus it is not possible to replace the cuboid on to the 
os calcis. 


TREATMENT 


In the treatment of congenital club foot in infants practically 
all surgeons at the present time rely upon manipulation, tenoto- 
mies, and the use of retentive splints or plaster of Paris. In my 
opinion tenotomy has been much too freely employed, in most cases 
it is perfectly easy to correct or over correct the deformity in a 
child under one year of age by simple manipulation under an an- 
aesthetic, repeated if necessary on two, three or four occasions, 
with retention of the foot in plaster of Paris between the manipula- 
tions. The great advantage of avoiding tenotomy is that the ulti- 
mate function of the foot is thereby much improved. The method 
adopted by myself is as follows: 

The child is operated on at the age of one month unless it is 
feeble and undersized, in which case the operation may be post- 
poned until the child’s general condition has been improved. Under 
an anaesthetic the following manipulations are carried out: 

1. The fore-foot is abducted at the midtarsal joint this may 
be done by grasping the metatarsal heads with one hand, the heel 
and ankle with the other hand, the thumbs being pressed upon the 
outer side of the dorsum of the foot over the prominence formed 
by the head of the astragalus, The posterior hand supports the 
ankle and heel, the anterior hand abducts the fore-foot and botn 
thumbs make firm counter pressure upon the head of the astraga- 
lus. Alternatively the hands may grasp the foot from the inner 
side, the pressure upon the head of the astragalus being then 
made with the tips of the fingers. In a resistant case the foot is 
laid upon its outer side across a wedge and downward pressure 
made upon the heel and anterior part of the sole. By these 
manipulations the sole is flattened, the plantar fascia and astrag- 
olo-scaphoid capsule being thoroughly stretched; the scaphoid and 
cuboid return to their normal positions. As a rule the first ma- 
nipulation ceases at this point, the foot being fixed in plaster for 
a period of four to six weeks before a second manipulation is 
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carried out. In fixing in plaster of Paris it is important that the 
position and fixation shall be one which is easily maintained with- 
out pressure, that is no attempt is made to maintain the maxi- 
mum correction obtained during the manipulations. If this rule 
is observed, pressure and constriction of the foot should be 
avoided. One of the most difficult points in treating a club foot 
is to secure external rotation, it is quite common to see a club 
foot corrected so that it looks very nice until the patient stands 
upon it when it is seen that the toe points inwards. The site of 
this inversion is a matter of dispute, according to Tubby it may 
occur in the shaft of the tibia, at the knee joint, in the long axis 
of the femur or at the neck of the femur. In my opinion it nearly 
always occurs below the malleoli and is due to imperfect stretch- 
ing of the astragolo-scaphoid capsule, resulting in failure to re- 
place the scaphoid os calcis and cuboid in their proper positions. 
In fixing the foot in plaster of Paris it is essential to maintain 
eversion, this is only possible if some fixed point is secured upon 
which the foot can be outwardly rotated. The only method of se- 
curing such a fixed point is to flex the knee to a right angle and 
to include it in the plaster of Paris. I always apply my plaster 
by the following method: the plaster of Paris bandage starts on 
the outer side of the ankle passing over the front of the joint and 
round the heel, it is then passed two or three times around the 
anterior part of the foot, all these turns being applied very 
loosely, next it is carried from the outer side of the front of the 
foot directly upwards over the top of the flexed knee, this por- 
tion being pulled tight and serving to maintain abduction and 
eversion of the foot. After a few turns round the knee the 
bandage is brought down to the foot again, and again carried 
upwards from the outer side over the flexed knee joint. These 
longitudinal strands stand away from the leg, in completing the 
enclosure with plaster they are bandaged in, moderately tight, 
the tension upon them thus being increased. The final position 
then is that the knee is flexed to a right angle, the foot plantar 
flexed, abducted and externally rotated. 


When this plaster is removed, the second stage of treatment 
is carried out, the manipulations being as follows: (1) Those 
carried out at the first stage are repeated in order that cor- 
rection in the midtarsal region may be secured to the fullest pos- 
sible extent. (2) Then holding the foot in the abducted posi- 
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tion it is dorsiflexed steadily and strongly, stretching the tendo 
Achillis. As soon as it reaches the right angle the whole weight 
of the body can be put upon the anterior part of the sole, forcing 
the foot into further dorsiflexion. At the same time the foot 
should be forced directly backwards, the other hand of the 
manipulator supporting the back of the calf, this is necessary 
because there is a tendency when the equinus part of the de- 
formity is corrected to displace the foot forwards at the ankle 
and shorten the heel. These manipulations should be carried 
cut by repeated steady pressure, no attempt being made to rup- 
ture structures by suddenly exaggerated force. When the foot 
comes easily 20° to 30° over the right angle with the knee ex- 
tended, correction may be considered complete, and a plaster 
is applied by the same method, but with the foot, this time, in 
dorsiflexion. This second plaster is maintained for six weeks 
and if at the end of that time correction is good, a simple club 
foot shoe is used with daily manipulation of the foot. When the 
child starts to walk he does so in the club foot shoe. When he 
is walking well it is necessary to decide whether a walking ap- 
pliance is required or not. The child is allowed to walk with- 
out an appliance, if he lifts the foot in an abducted position 
showing that there is good power in the peronei and in the ex- 
tensors, an appliance will probably be unnecessary. If he tends 
to walk on the outer border, a short inside iron, fitted to a boot 
of which the outer side of the sole is thickened 1, in., with a 
varus T strap will be required. I find that a longer instru- 
ment is practically never necessary. 

It is not always possible to correct the equinus part of the 
deformity by manipulation alone, it may be found that such 
manipulation either fails to get the foot beyond the right angle 
or secures this correction by movement at the midtarsal joint 
and not at the ankle joint. In my opinion the tendo Achillis 
should only be lengthened when there is a failure to correct the 
equinus part of the deformity by simple manipulation, and if 
tenotomy is required it is best to leave it until the child is nearly 
a year old when the tendon is large enough to allow of a sub- 
cutaneous lengthening operation. Tenotomy of the tendo Achil- 
lis is not a trivial operation and it leaves a permanent weaken- 
ing of the foot, it is always evident that tenotomy has been per- 
formed by the alteration of the shape of the calf, the muscular 
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part of which is at a higher level than in a normal leg. This 
“high calf” means that the muscle has undergone a permanent 
contraction and that it possesses a less power of shortening than 
it did. In many cases the patient is unable to rise on to the toe. 
There can be no doubt that the function of the foot is better in 
cases which have been corrected without tenotomy. 

It is essential that the correction of club foot should be 
carried out in the order described above, that is, the flattening of 
the sole, and the abduction of the fore part of the foot must be 
completed before the equinus portion of the deformity is cor- 
rected. A premature correction of the equinus by division of the 
tendo Achillis leaves an imperfect foot, very liable to relapse, 
which it is exceedingly difficult to correct satisfactorily by any 
subsequent operation. 


RELAPSE 


Relapse occurs in the practice of all surgeons and after every 
method of correction. When a relapse occurs in a patient of 
mine, I know that it is due either to imperfect correction or to 
inadequate attention to after treatment. Most often a relapse 
is due to failure to over correct the varus part of the deformity 
at the first stage of the treatment. Relapse occurs not only after 
treatment by simple measures such as manipulation and tenoto- 
my, but also after the most drastic operations including the re- 
moval of wedges, the removal of the astragalus and Phelps’ op- 
eration. As relapses do occur and as in a certain proportion of 
cases a club foot does not come under surgical treatment until 
a late stage, we must be prepared to deal with club foot de- 
formity in older children and even in adults. We should at- 
tempt to correct the deformity in such a way as to leave a good 
useful foot. The foot should be planti-grade, the heel and 
heads of the metatarsals meeting the ground, the ankle must 
dorsiflex well over the right angle and plantar flex at least 30° 
to 40°, the midtarsal joint must be mobile and there should be 
sufficient muscular power to permit of the patient rising on tip 
toe, on each foot separately. He should also be able to dorsiflex 
the foot without inversion and if possible should be able to in- 
vert the foot. 

The procedures recommended by various authors for the 
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treatment of relapsed or inveterate cases of club foot are as 
follows: 

1. Forcible correction at one or two sittings with fixation 
in plaster of Paris. (Lorenz). 

2. Repeated manipulations every few days then fixation in 
plaster of Paris. (Wolff). 

3. Forcible correction with a Thomas’ wrench or other me- 
chanical appliance. 

4. Subcutaneous division of those structures which resist, 
or are thought to resist correction with immediate reduction of 
the deformity and fixation in plaster. The structures divided 
are generally the tibialis anticus and posticus, the astragalo-sca- 
phoid capsule (recommended by Parker), the plantar fascia and 
the tendo Achillis. Most surgeons have carried out this line of 
treatment in two stages; this is the method recommended by 
Walsham for severe degrees of club foot in children. 

5. Subcutaneous division of the resisting structures with- 
out correction at the time, the foot is being gradually strength- 
ened by the use of one of the varieties of Scarpa’s shoe. This 
method was for long the favourite one of Adams and of the 
surgeons at the National Orthopaedic Hospital, it is siow but in 
skilful hands yielded a very perfect correction, even in most se- 
vere cases. , 

6. Phelps’ operation, that is the division of all the struc- 
tures of the sole and inner side of the foot right into the mid- 
tarsal joint. Lane’s operation was a similar but even more dras- 
tic procedure. These methods are irrational and barbarous. In 
dividing the structures which really resist correction, many im- 
portant and innocent structures including the vessels and nerves 
of the sole are cut quite unnecessarily. 

7. Open operations. The most important of these are the 
removal of the cuboid (Solly) ; the removal of a wedge of bone 
from the outer side of the foot (Davy) ; astragalectomy (Lund) ; 
and transverse division of the tarsus. (Symonds). 

Of these the removal of a wedge and astragalectomy are the 
favourites, they are in my opinion deforming, operations and 
ought to be abandoned. The removal of a wedge interferes with 
the action of the joints and leaves a shortened and stiff foot, re- 
lapse occurs because the astragalo-scaphoid capsule has not been 
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touched. Astragalectomy destroys both ankle and midtarsal 
joints; it is advocated both by Walsham and by Tubby on the 
ground that a malformation of the astragalus is an important 
anatomical factor in the deformity. I think the importance of 
this factor has been exaggerated. If a deviation of the neck of 
the astragalus is important, it can be corrected by a transverse 
osteotomy without interfering with either ankle or midtarsal 
joint. It is well kuown that after an astragalectomy there is a 
tendency for the foot to turn into the varus position, it is there- 
fore not to be wondered at that relapse occurs after this opera- 
tion. 

The methods which I now adopt for the correction of severe 
club foot in older children or in adults are as follows: 

First. At one or two sittings I attempt to manipulate the 
foot into shape, using the hands, a wedge and if necessary a 
Thomas’ wrench, fixing the foot in plaster of Paris upon each 
occasion by the same method as that already described for use in 
infants. As soon as it is evident that a complete correction by 
these methods is impossible, I tackle the problem by an open op- 
eration which is intended to remove all obstruction to a complete 
correction of the varus part of the deformity. The obstructions 
I believe to be the following: 1. The astragalo-scaphoid capsule 
including the anterior part of the interior lateral ligament and 
the attachment of the tibialis posticus tendon. 2. The displace- 
ment inwards of the cuboid upon the os calcis, and 3. The inward 
and outward obliquity of the necks of the astragalus and of the 
anterior part of the os calcis. The complete operation is as 
follows: 

A. An incision is made over the internal malleolus and 
carried forward along the inner side of the foot, the tendon of 
the tibialis posticus is exposed and hooked aside, beneath it the 
anterior 2/3ds of the interior lateral ligament is cut away 
from the malleolus, the astragalo scaphoid capsule will be found 
as a thick mass of fibro-cartilage in front of the malleolus; this 
is cut away completely until the head of the astragalus is ex- 
posed, the tuberosity of the scaphoid cleared upon its posterior 
and inferior aspects, the sustentaculum tali cleared, and the 
fibro-cartilagenous mass remains attached only to the tibialis 
posticus tendon. The latter is then cut through so that the cal- 
caneo scaphoid capsule is entirely removed. 
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B. A small incision is made just below and in front of the 
tip of the external malleolus, through this an osteotome is in- 
serted down to the os calcis which is divided transversely about 
¥Y% inch behind its anterior border. An endeavour should be 
made to bring the osteotome out on the inner side immediately 
in front of the sustentaculum tali. The whole of the anterior 
part of the foot can now be abducted and elevated, the scaphoid 
moves on the astragalus; the cuboid cannot be abducted on the 
os calcis but it carries with it the anterior part of this bone. If 
it is thought that an obliquity of the neck of the astragalus is an 
important element in the deformity an osteotome is inserted and 
the neck of the astragalus divided transversely; complete cor- 
rection of the varus deformity and of that part of the equinus 
situated in front of the ankle joint is now possible. The in- 
cisions are sutured and the foot fixed in plaster of Paris in a 
fully correct position by the usual method; the knee joint being 
flexed and included in the plaster. When this plaster is re- 
moved at the end of six to eight weeks if any equinus remains 
this is corrected by manipulation and lengthening of the tendo 
Achillis, if this is necessary. It may be found impossible to 
dorsiflex the foot beyond the right angle even after lengthening 
of the tendo Achilles, this is rare perhaps because in relapsed 
cases the true equinus has practically always been previously 
corrected. If it is thought that the front of the upper facet on 
the astragalus is too narrow to fit between the malleoli, it may 
be advisable to cut down upon the external malleolus, to divide 
the posterior fasciculus of the external lateral ligament, and to 
cut through the base of the external malleolus into the ankle joint; 
this, by allowing separation of the malleolus should enable com- 
plete dorsiflexion to be carried out. I have not yet carried out 
this procedure, but it seems a rational one in suitable cases. I 
do not believe that internal rotation will be found to be com- 
mon in club feet which have been fully corrected at the mid- 
tarsal region, but when such internal rotation exists, I have no 
hesitation in correcting it by division of the tibia and fibula. I 
have already said that I believe relapse to be most often due to 
an initial failure to secure complete correction, therefore the chief 
method of avoiding relapse is by making sure that correction is 
complete. Occasionally it is advisable to use another method of 
preventing relapse either because the patient is going to a dis- 
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tance which renders it impossible to keep up adequate after 
supervision, or because it is known that the parents will not take 
sufficient care in carrying out after treatment. In such cases a 
transplantation of the tibialis anticus to the cuboid is a more cer- 
tain preventive of relapse than any other method. In some club 
feet the peronei fail to recover their power and remain function- 
less, so that even with full correction and maintenance of the cor- 
rect position for a year or more the foot still cannot be actively 
inverted ; transplantation of the tibialis anticus is then necessary. 


DISCUSSION 


Mr. AITKEN: I have listened with very great interest to Mr. Elmslie’s paper. 
I have seen innumerable cases of club foot, and find there is a great distinc- 
tion between infants’ club foot, and adults’ club foot, because in the adult 
club foot degenerative changes have already taken place; the foot has been 
walked on, and the foot that has been waiked on is bound to differ from the 
foot that has never been walked on. I think it is pretty well known that 
the angle Mr. Elmslie describes as being found in the infant, has been de- 
scribed as a characteristic of races which do not wear boots, the Zulu, ete. 
At the same time, he made a very interesting explanation as to how the ar- 
ticular surfaces are different in infants and in adults. 

(Mr. Aitken illustrated his remarks with photographs of some of his 
cases before and after operation.) 


Mr. BENNET: With regard to Mr. Elmslie’s remarks about the correc- 
tion of the deformity of congenital equino-varus, I always do it at one sitting 
in young children. I rarely touch the tendo-Achillis, and I rarely have to 
manipulate again after the first manipulation. The reason of that is, that 
I do not put them up in plaster, but use an apparatus which, as far as I can 
see, is simple and effectual. In this apparatus I let the child walk. 


Mr. Pratt: Mr. President, ladies and gentlemen, Mr. Elmslie very wise 
ly dealt with the principles of correction in all types of congenital talipes 
equino-varus only. It would take too long to deal with all types. One point 
appeals to me very much,—I am not quite certain whether he mentioned it 
or not—that is, the most difficult element in any deformity is the inversion, 
not of the mid tarsal bones, but the inversion of the os calcis. For instance, in 
Mr. Bennet’s photographs, the most marked deformity is the inversion of 
the os calcis; also, in cases which have relapsed, and in cases which have 
been partially treated, the outstanding deformity is the inversion of the os 
calcis. Photographs taken of patients, from the front, very often do not 
show this. The only test of a true correction, of a real correction, is the 
everted os calcis when the patient is standing. That is dealt with very 
little in literature on the subject, and, in my opinion, it is the most dif- 
ficult part of the deformity to get rid of. 


Mr. FRASER: No one has raised the point of adduction in talipes. In 
children and in these relapsed cases, the adduction is so persistent that we 
now remove a wedge from the outside of the foot. Then we go to the inner 
side, open up the foot, and transplant that wedge to the inner side. Most of 
our best results have been obtained through the medium of that operation. I 
should like to know anyone’s experience on that point. 

Mr. ALwyn SmirH: I think the main point of the whole treatment of 


equino-varus is to get it early. That point will have to be brought up in 
the new -Hospital Scheme. When club foot is treated early, and treated 
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practically from birth twice a week by manipulations, then we shall not get 
so many relapsed cases. We all know that our resuits in this type of case 
are always better in private practice than in hospital, and for the simple 
reason that we have more time to devote to them and they are not left to 
others who perhaps are apt to neglect the after-treatment. 

I was brought up to treat club foot cases practically from the earliest 
days, and then, when [ went out to Canada, I found that where cases are 
several hundred miles away, it is not possible to treat them in that way. The 
cases are therefore treated by being brought into the city at the age of twelve 
months, and I am sure the results are nothing like so good. We used to divide 
the tibialis posticus and the calcaneo-scaphoid ligaments and abduct the foot 
in plaster, and, at a later stage, in three weeks’ time, divide the tendo Achillis, 
and we invariably got a pipe stem leg. On one occasion, I divided the tibialis 
posticus and everted the foot, and I got a bad case of what really came to an 
infantile type of flat foot. I am quite sure that, if we get the cases early and 
treat them with club foot.shoes or by plaster, we shall get very much better 
results. The main point, of course, is, that your condition is not cured until 
your muscular balance is restored. I think that is chiefly why hospital cases 
are so apt to come back. They are put into boots and irons, and sent out. 
The boots are too big, and the foot inverts-in the boot, and they. come back 
with the secondary deformities such as have been described. You don’t get that 
sort of thing in private work. 

As to treatment, in the first month or two I divide nothing at all. I do 
everything by hand—and of course in these young children I never give an 
anaesthetic. I give them a good wrenching the first day, when the foot is of 
course very much .swollen.. I treat it four days like that, and then I put the 
foot up in plaster or in a-club foot shoe.. The swelling will then disappear, 
and you can put it in the over-corrected position without any fear of getting 
pressure sores under strapping or plaster. 


Mr. FaIRBANKS: As regards the use of tenotomies in the early stages, I 
think, if the child is likely to be adequately looked after afterwards, tenotomy 
is inadvisable. I think that,relapse is certainly more likely to occur if tenotomy 
has not been done; therefore one resorts to tenotomy when one feels that the 
after treatment is not likely to be thoroughly carried out. In regard to re- 
lapse. It is not always our fault. The child often gets ill from heaps of other 
things, during which time the treatment must be discontinued, and of course, 
the interval between upsets the whole thing. 

As regards rotation, I do not think I agree with Mr. Elmslie. I think 
there is rotation in the leg above, in the tibia and fibula; in some cases it is 
very marked. 

As regards the tenotomy of the tendo-Achillis giving rise to very poor 
function, I think One has got to remember that it is only in severe cases that 
we do this, and of course there are heaps of other factors connected with the 
function. It is not fair to the tenotomy of the tendo-Achillis to accuse it of 
having produced the bad result. 

There is one point that has not been referred to, and that is the want of 
growth in the limb, shortening. In the treatment of club foot, the usual 
thing is to get the foot into good position and then give the child a high boot, 
with a thick sole. I think that is very rough on the child. It seems to me 
that to put some kind of apparatus on one foot and to retain it for four or 
five years, whilst the other foot is all right, is bound to give shortening. 


Mr. HauGutTon: There is one point that appeals to me. In the treat- 
ment of very young children, from one to three months of age, I have en- 
deavoured to get results by manipulation, followed by plaster. When the child 
turns up, three years of age, untreated, having treated the foot by manipula- 
tion, and failed, I then proceed to deal with it by tenotomy and wrenching, 
leaving the tendo-Achillis till a later stage.. If the deformity still persists, it 
is of course evidence that a contraction exists between some of the deeper 
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structures. . . . I have then attempted to divide the caleaneo scaphoid liga- 
ments, a procedure that has, as a rule, got rid of the vertical crease in the mid 
tarsal region. I am much obliged to Mr. Elmslie for calling my attention to 
this structure. 


Mr. GIRDLESTONE: We all believe that results can be obtained more quick- 
ly, more permanently, without any serious operation at all, if the cases are 
treated early, but it has not yet been decided how we are to get the cases 
early. One might just mention that it is mostly by co-operation between the 
public authorities. If we can only get the interest of the Medical Officers of 
Health, and get them to instruct Midwives, Health Visitors, official and un- 
official, who see the children, to report the cases early, that will be a great 
step forward. I think all of us aim at co-operation and agree that it is only 
by co-operation with the new Health Organizations that we shall get the little 
children early under treatment. 

Mr. Elmslie mentioned the importance of a slow, steady pull, particularly 
in stretching the tendo-Achilles. I personally feel that I should like to em 
phasize that. There is a great danger, in endeavouring to stretch the tendo 
Achilles, that one may pull off the insertion to the os calcis. I would like to 
mention that as a possible danger. 

There is one more point, after-treatment. I think that many of us feel that 
plaster of Paris is the only really satisfactory apparatus until we have got 
the muscle balance restored; and if we replace the plaster of Paris and allow 
the child to walk in the plaster, changing it again and again until it walks 
naturally and can evert and dorsiflex its foot. It can then be put into shoes 
with a slight raise on the outer side, and it can walk easily and without any 
apparatus at all. The main thing these children need is supervision for some 
time after treatment, and that must be provided ’'for under the new Health 
Schemes. 


Mr. MacMurray: As regards the point that Mr. Platt has raised regard- 
ing inversion of the heel, there is no doubt at all that that is the difficult point. 
Abduction of the midtarsal joint is comparatively easy—by your hands, your 
wrench, or the wedge—it is quite otherwise with the adducted heel. 

In regard to relapse. I have been told that there is no relapse of the 
club foot. There is reappearance of uncorrected club foot, but, in a case that 
has been corrected so that the child can evert the foot and hold the foot 
everted, the foot will not relapse. 

There is one other point—inversion of the foot, in-turning of the foot, so 
that the child walks hen-toed. That rotation is undoubtedly, in my opinion, 
between the knee and the ankle. 

Mr. TRETHOWAN: I, personally, have never seen inversion of the leg. 
Regarding this question of rotation, I think there is a certain amount of in 
version of the astragalus, and I think the whole thing could be corrected with- 
out tenotomy at all if you got it in the early stages. I do not agree that 
plaster is so useful. One has gone through that phase—but I do think the 
tiniest foot can be better controlled with the splint. I think it is physically 
impossible to put these tiny feet in plaster, and I think in the early stages, 
a carefully applied splint is much more useful than plaster. Then, at a later 
stage, when the foot has been corrected, the club foot shoe is useful for keep- 
ing the foot corrected. In my opinion, to correct the tendo Achilles plaster 
is not so efficient as a splint in the early stage. 

Mr. DunN: I would like to ask Mr. Elmslie why an amputation was 
done in the specimen he showed us. There is nothing in the appearance of 
this specimen to make one think that an amputation would give the best 
result. 

The other point is, that, in a little child under three or six months, it 
is practically impossible to maintain over-correction by plaster of Paris. The 
foot is only 2 in. long, and, covered with wool or felt, you can hardly get 
hold of it. I believe that all children’s feet can be corrected by strapping. 
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Mr. LEAMING Evans: In regard to the neck of the astragalus, referring to 
the authorities of the past, I accused the neck of the astragalus of excessive 
inversion in all cases of talipes. It is very difficult to measure young children, 
because we do not get the specimens, but I have removed the astragalus from 
30 adult cases and I have been unable to confirm the observations in regard 
to excessive inversion of the neck. It is, of course, more than normal, but I 
think it has been grossly exaggerated. Operations designed to correct that, 
have been founded on false ideas of the anatomy. 

In regard to treatment in infancy, there are all sorts of methods, and 
most of them are good, and I think the point for the practitioner to get hold 
of is to follow the line he has been taught: if he finds one method better 
than another, let him stick to it. 

There is no doubt that the supination of the sub-astragaloid joint is the 
most difficult part of the deformity to correct in infancy, and I am quite cer- 
tain you cannot do that except by division of the structures in the sole and 
of the tendo Achilles at the same time. In regard to treatment of adult cases, 
the appearances of the foot are so different in different cases—some rest on 
the cuboid, and some on the anterior end of os calcis, and others on the base 
of the fifth metatarsal, and others on the dorsum, so that the weight is almost 
on the head and neck of the astragalus—no one particular operation could 
satisfy all the demands, and I think in certain cases one would have to re- 
move the astragalus, to do a large bone operation. I do not think that Mr. Elms- 
lie would suggest that his operation is a panacea for all these evils. 

There is one remark I would like to make in regard to the operation of 
astragalectomy for the correction of this deformity, and that is that displace- 
ment of the foot forwards, as it occurs in a congenital ciub foot, could be cor- 
rected by a displacement of the foot backwards when the astragalus has been 
removed, following the plan that Whitman adopted in the case of his well 
known operation for paralytic calcaneus. 


Mr. OLLERENSHAW: In children of walking age, it is as well to get them 
walking as soon as possible in the plaster. I allow them to walk in it on a 
thickened sole. 


Mr. BANKART: In regard to rotation of the os caicis, it is an extraordinary 
thing that I have not been able to find even an adequate account of the move- 
ments of the sub-astraguloid joint in any text-book. There is an admirable 
description of it in Wood’s “Anatomy,” of 1838, I think. The os calcis rotates 
about an axis which passes between its body and its lesser process. * * * Its 
movements can be worked up quite easily in an articulated foot, and, al- 
though they are quite slight in the normal foot, they are grossly exaggerated in 
this form of deformity. In attempting to find a cure in the older cases, you 
must first tackle the displacement of the subastragaloid joint. I divide every- 
thing between these two bones, and turn the outer border of the foot outwards. 
I am still trying to find some way of fixing it there. In some cases I use 
artificial silk ligaments. y 

Simm HAROLD STILES: I am not going to speak as an Orthopaedic Surgeon, 
because I am not one. I want to seize this opportunity of stating a hope— 
seeing that our Orthopaedic specialists have shown us that there is a great 
deal of difficulty about the treatment of club foot, and that there is even some 
difference of opinion about the treatment, that they have spent most of their 
lives in treating club foot and even with that have not succeeded in always 
producing the perfect result—I think that there is a claim that we ought to 
put forward in the year 1920, that all these cases should be collected into a spe- 
cial department of the General Hospital. They should be put in the hands 
of men who are going to devote the whole of their time and attention and 
skill to these very important cases. There is one point on which all of us 
will agree, and that is that now that the new Ministry of Health is going to 
be formed, there should be no such thing as the treatment of club foot except 
in the early stage. It is at this stage that the treatment is so effectual. 
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In regard to my friend’s Mr. Dunn’s remarks that we can dispense with 
plaster altogether, I think plaster is an unsatisfactory way to treat. We do 
not know exactly what the position of the foot is in the plaster. In a little 
child, it is a very easy matter to evert the foot in carrying the plaster round 
the anterior end of the foot, so that the foot is fixed in the wrong position. 

I am not going to say anything more about the pathological anatomy, etc., 
although of course, there are many points I would like to discuss. As to rota- 
tion, I am certain there are some cases in which there is rotation below the 
knee, and there are cases in which there is no rotation. There are cases where 
the os calcis is well developed, and where the os calcis is badly developed, 
where there is moderate varus and a good deal of varus; therefore, you have 
to cut your coat according to your cloth. 


Sir Ropert Jones: I think we have had a very interesting discussion, 
although the subject seemed a very general one. It shows how many-sided 
the question is, but I think if a man has got a good routine, that has been 
satisfactory to him, he ought to keep to it. We cannot all grasp new things 
just as they are shown us. , 

One thing I would like to mention—there has not been much said about 
the removal of large masses of bone. That is the sort of thing we do want, 
if we can, to see obliterated. I have never seen a case of club foot where a 
good portion of bone has been removed, where the foot has functioned well. 

There are certain principles which I think you ought all to take for 
granted as forming the basis of all treatment. Whatever method of treat- 
ment is adopted, there should be a complete over-correction, not merely cor- 
rection, over-correction is essential. 

It has been said that sometimes you have a twist in the tibia and fibula; 
and sometimes a twist below the malleoli. I am perfectly sure that there are 
cases where the rotation is between the knee and the malleoli—undoubtedly 
a number of cases prove that. 

There are two great principles, and, after over-correction, I think the), 
other principle is to see that you get the restoration of the muscles of ever-’ 
sion. If you ask how you are to know if these muscles have been restored, 
the test of the recovery is that the patient voluntarily can correct this de 
formity. Until that happens, you cannot be said to have cured the condition. 
You have to train the muscles until they are strong enough to hold the foot in 
good position. 

What are the causes of relapse? I suppose insufficient correction is the 
chief. 

Mr. Fraser raises an interesting point when he mentions the removal of 
bone from one side of the foot to the other. That has been done largely in 
America. I have not seen a case myself. 

As regards the treatment of the condition in young children, by manipula- 
tion, there are many ways in which that can be done. Some do it at one sit- 
ting, and some at several sittings, in any case, you have got to get it cor- 
rected either slowly or rapidly. What are the dangers of manipulation in 
these young children, and in older children? The danger is that you often 
don’t protect the knees from strain, and the result is that you have then a 
knock-knee as well. You have got to be very careful in putting the cases up 
in plaster afterwards. Put it in the flexed position, with no strain on the in- 
ternal lateral ligament in doing it. Correct the deformity, evert the foot, fix 
it in plaster, and watch the child until it has recovered. When the child is 
of walking age, get it to walk on the sole of the foot, without a splint of any 
sort, on the flat of its sole, with its toes turned out. That is very much better 
than using splints. 

I have always had a great horror of a splint which is carried above the 
knee, I have even seen them sometimes above the hip. It is an extraordinary 
procedure, quite unnecessary, and it is not nearly so effectual as over cqrrection. 

As regards eversion of the heel. My own view in this matter is that when 
we have a marked case of inversion, as a rule, if it is corrected by the wrench, 
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and the foot worked at carefully, in about ten minutes you can over-correct 
most of the inversion of the os calcis. 

We have all had relapses, very often I think, because in the treatment of 
club foot, you have to trust to other people constantly. Let me say this, what- 
ever the method is, you may bring about success; even in adult cases, it is pos- 
sible to produce normal feet from absolutely old rigid feet. Some time ago, I 
had an adult case with Professor Lovett, of Boston, a case of two feet in an adult 
of 24 years of age. We said, “We will do two operations; in one case, we will 
perform tenotomy, and in the other trust entirely to the wrench.” We took 
the wrench, and, in six or eight weeks, I think I made two attacks upon the 
foot. We found that correction by the wrench gave the best walking foot. 
* * * The main point is to over-correct the deformity, and see that the child 
begins to walk, which will at least help to diminish rather than increase the 


deformity. 


Mr. Evmsiie (Reply): As regards the strain at the knee, I fully appre- 
ciate the necessity for being extremely careful of the knee and fixation of the 
foot in plaster, and I think your point is met by the point on which I laid 
emphasis. I think it is essential, in fixing a club foot in plaster, to hold the 
foot in the position which is easily maintained, to put on the plaster prac 
tically in a position in which there is no strain at all. In these cases, I get 
the result chiefly by manipulation, and then apply the plaster in a position in 
which there is no strain at all. As regards the remarks of Sir Harold Stiles 
and Mr. Dunn, personally I do not put any wool or felt in the plaster, just 
a thin layer of stockinette. I perfectly agree that plaster is not essential, and 
if I had my children in a nice country hospital, with adequate nursing, I 
should probably not use plaster at all, but, if any of you will come and see 
me working in a large hospital, where we have to treat very large numbers 
in the patient department, I think you will soon see that anything but 
plaster is out of the question. Mr. Trethowan says he has passed through the 
plaster phase and come to the splints; I again, have passed the splint phase 
and reached the plaster. 

With regard to the division of the tendo Achillis, I was glad to hear Mr. 
Alwyn Smith mention the danger of the pipe-stem leg. That is a most im- 
portant thing, and ought to be emphasized. 


Sik Rowert Jones has laid down certain principles of correction. The most 
important item of the whole lot is to get a good functioning foot, and if, by 
division of the tendo-Achillis, we are going to get the pipe-stem leg, let us avoid 
the division of the tendo-Achillis. Remember this, that division of the tendo- 
Achillis has got into the books as a routine treatment for club foot, with a 
result that, when I get a club foot sent in by a country surgeon—who has already 
had an attempt to correct it—that child has always had the tendo-Achillis 
divided the first thing. That is what we want to stop, and that is why I want 
to be so emphatic about the division of the tendo-Achillis. 

The second point is bone operations. I did not read the section of my 
paper which dealt with this point. I feel that Phelp’s operation, astragalectomy 
and of tarsectomy, are unjustifiable operations which have been preached by 
surgeons unnecessarily. I think Phelps’ operation utterly irrational. Why 
should you go and divide the two plantar nerves and plantar arteries when you 
can avoid them? After astragalectomy, for some reason the tendency is for 
the foot to go into a varus position. . . . I think it is an operation which 
is based on an unsound idea of the pathology of the condition. 
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A SYSTEM OF JOINT MEASUREMENTS 


WILLIAM ARTHUR CLARK, A. M., M. D. 


Section on Orthopaedic Surgery, Mayo Clinic, 
Rochester, Minnesota. 


In the literature may be found various forms of expressing 
the limits of motion or angle of deformity in joints. When an 
angle is specifically stated in degrees the reader is sometimes at a 
loss to know just which angle is meant, whether it is the angle in- 
cluded between the two bones concerned in the deformity or move- 
ment, or the angle between one of the bones and an imaginary line 
projected into space from the other bone. 

If one reads for instance, “flexion deformity of the knee of 
10°,” it is usually safe to assume than an angle, one of whose sides 
is an imaginary line, is meant, but if a larger angle is mentioned, 
as “60° flexion,” the record is ambiguous; it may mean a moderate 
flexion or a very marked flexion, depending on which angle was 
measured. 

In the French literature usually the angle included between 
the two bones is used in expressing the degree of mobility or de- 
formity. This is evident from the fact that the degrees when 
specifically stated are usually high, for example, “il y a un flexion 
de la jambe sur la cuisse a 135°,” and “tlexion considerable de la 
jambe sur la cuisse, mesurant 120° environ.” There are some 
exceptions to this, however, for example, “abduction active 
du bras atteint 40° 1’ extension 40°.” Examples of ambiguous 
statements in the English and American literature are numerous 
and there is no particular object in referring to them specifically. 

Very few attempts have been made to establish a standardized 
system of measuring angles of deformity in joints Nutter sug- 
gests a method of recording movements of the fingers and of rota- 
tion of the forearm. He also mentions the importance of accurate 
records for the use of pension boards in making decisions in cases 
of deformity following war injuries. Marble has appreciated the 
necessity of accurate measurements and has used simple copper 
and wood frames that fit over the limb on which degrees are indi- 
cated with a dial and a pointer. Details of the instrument are 


lacking. 
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The system which seems most rational and which the writer 
has been accustomed to use is that in which the arc of the angle 
included between the bones on either side of the joint is used to ex- 
press limits of motion or angle of deformity. In this system, com- 
plete extension of any joint (the temporomaxillary joint is not 
considered) is 180°, or a straight line. In Figure 1 all the joints 
are represented in complete extension. It is that position in which 
the part distal to the joint concerned points toward the toes and 
is parallel with the lateral plane of the body. It is assumed that 
the palms of the hands face foreward. All movements except 
those of extension and except supination of the forearm take their 
beginning from this neutral position. Any movement from this 
neutral position except external rotation, implies a reduction in 
the size of the angle. 

Extension and external rotation are the only movements which 
‘ produce an increase in the size of the angle. Extension begins the- 
oretically as 0° and stops at 180°. Any movement beyond that arc 
is recorded as hyperextension and is regarded as analogous to 
flexion, but in the opposite direction from flexion. The limit of 
extension may be expressed by “extension to 160°.” This does 
not imply that the part has moved through an are amounting to 
160°, but that the movement stops at that angle. Hyperextension 
is expressed in degrees of the included angle, as, hyperextension to 
170°, not hyperextension of 170°. 

In this system, the stated number of degrees does not repre- 
sent the number of degrees of an arc through which the part has 
moved, but the angle on the half circle scale from 0° to 180° at 
which it stops. The degrees express the limit of motion and not 
the amount of motion. 

Flexion is defined as the movement of a joint in an anteropos- 
terior plane in the direction of its greatest range. For all joints 
except the spine this movement is cephalic in direction, and for all 
except the knee and toes it starts in an anterior direction. Due 
respect is accorded to the fact that anatomic flexion of the ankle is 
a posterior instead of an anterior movement, but for clinical par- 
lance, the anterior motion has come to be regarded as dorsal- 
flexion. Flexion of any joint begins at 180° and approaches 0°, 
being in inverse proportion to the angle. The same is true of 
hyperextension. The limit of flexion is expressed by “flexion to 
80°,” not flexion of 80°.” In describing a joint ankylosed in 
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flexion the use of the preposition “at” precludes ambiguity, for 
example, “bony ankylosis at 150°.” 

Abduction starts at the same straight line of 180° and implies 
a movement away from this line and away from the median line 
of the body in an are approaching 0°, just as in flexion, but in a 
plane at right angles to flexion, as “abduction of the thigh to 110°.” 
The angle measured is that included externally between the mem- 
ber moved and the cephalic part of a line passing through the joint 
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Fic. 1. Neutral position, complete ex- Fic. 2. Flexion, shoulder to 135°, el- 
tension of all joints. bow to 90°, hip to 135°, knee to 90°, 
ankle (dorsal flexion) to 90°, hy- 

perextension of wrist to 135°. 


parallel with the median body line, or parallel with the median 
axis of the limb if the joint is below the elbows or knees (Angle 
CE, Fig. 3). This may seem confusing at first, especially for the 
shoulder, but it is consistent with the system, and is not confusing 
when the system is viewed as a whole. 

Adduction is a movement in the same lateral plane as abduc- 
tion from the straight line of 180° toward the median body line. 











690 WILLIAM ARTHUR CLARK 


The angle measured is that which is included internally between 
the member moved and the cephalic part of the line through the 
joint parallel with the median body line. This may be termed the 
internal-cephalic angle, while that on which abduction is measured 
may be called the external-cephalic angle. 

Rotation is measured on the anterior half of a circle whose 
center coincides with the axis of rotation and whose plane is per- 
pendicular to that axis (A, Figs. 5, 6, and 7). The scale on this 
half circle runs from 0° on the inner side to 180° on the outer side 














B B 
Fic. 3. Abduction, shoulder to 110°, Fie. 4. Adduction, shoulder to 135°, 
hip to 120°. Flexion of wrist to hip to 135°. 
140°. 


of the arc. The diameter of the half circle, the line connecting 0° 
with 180°, is parallel with the lateral plane of the body. This 
lateral body plane is the base from which all movements of rota- 
tion are measured. Outward rotation is toward 180° and inward 
rotation is toward 0°. Record is made, for instance, of outward 
rotation to 120°, or of outward rotation limited to 90° or 80°. In- 
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ward rotation would normally be expressed in smaller angles, such 
as 70° or 60°. It is always the internal-anterior angle which is 
measured. The line which serves as the indicator on the scale is 
the anterior projection of the anteroposterior line of the member 
rotated (Line a-p, Figs. 5 and 6). In the neutral position this line 
is parallel with the sagittal plane of the body and registers 90°. 
For three reasons, an exception to this must be made for the 
radius. The axis of rotation of the radius does not pass through 
the lower end of the radius, but through the lower end of the ulna. 
Furthermore, the anterior projection of the anteroposterior line of 
the wrist would pass entirely clear of the anterior half circle on 
pronation. Also, the neutral position between supination and pro- 
nation of the forearm is that in which the lateral plane of the 
radio-ulnar styloids is parallel with the sagittal plane of the trunk 
(A, Fig. 7). The indicating line, then, for recording rotation of 
the forearm (radio-humeral joint) is the external projection of 
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Fic. 5. Rotation of shoulder. X-Y Lateral plane of trunk. a-p Anteroposterior 
plane of humerus, projected at right angle from lateral plane of humeral con- 
dyles. i—Internal condyle., e—External condyle. A—Neutral position. B- 
Internal rotation to 0°. C—External rotation to 140°. 


the lateral line of the radio-ulnar styloids (Line u-r, Fig. 7). Its 
excursion on the scale corresponds to the excursion of the radial 
styloid. On complete supination it registers 180° and on com- 
plete pronation about 45°. The neutral position is 90°, and the 
angle measured is always the internal-anterior angle, the same 
as for rotation of the other joints (Fig. 7). For instance, “supina- 
tion limited to 120°” or “pronation limited to 80°” would be re- 
corded. If the forearm is fixed so that no rotation is possible it 
may be spoken of as a “rotation ankylosis” at 80°. This term also 
applies to all other joints in which rotation is normally possible 
but in which ankylosis has occurred. 

Rotation is measured at the distal end of the bone rotated, 
with a protractor large enough to form the anterior half circle like 
an arch over the entire limb. For the shoulder the distal end of 
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the bone is the humeral condyles (Fig. 5), for the elbow (radio- 
humeral joint) the radio-ulnar styloids, for the hip, the femoral 
condyles (Fig. 6), and for the knee, the lower end of the tibia. 
For the spine, the lateral plane of the pelvis is the base and the an- 
terior projection of the sagittal plane of the trunk and the head is 
the moving limb of the angle. The scale is read from left to right, 
the natural direction of reading. Rotation of the spine to the left 
is toward 0°, and to the right is toward 180°; the neutral position 
is 90°, and the left-anterior angle is the one measured. 

It may be objected that the neutral position from which all 
these rotary movements start should be 0° instead of 90°, but if 0 
were the neutral point there would be a constant source of ambigu- 
ity. A statement of 10°, for instance, would not indicate whether 


a 


/ 
Canes } 
. es 2 : 


Fic. 6. Rotation of hip. X-Y Lateral plane of trunk. a-p Anteroposterior 
plane of femur projected anteriorily at right angles to lateral plane of femoral 
condyles. i—Internal condyle; e—external condyle. A—Neutral position. 
B—Internal rotation to 50°. C—External rotation to 130°. 
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the external or internal angle were meant. To be sure, if the 
record reads “10° external rotation” it may safely be assumed that 
the external angle is meant, but sometimes external rotation is 
limited to the internal part of the arc. This is particularly true 
of the forearm: usually if rotation is sharply limited the forearm 
is pronated and supination does not go so far as the neutral point. 
The statement “supination limited to 20°” might mean a very 
sharp limitation or a very mild one depending on which side of 0° 
the 20° angle lay. By establishing 90° as the neutral point and re- 
cording from 0° on the inside to 180° on the outside of the half 
circle the record cannot be ambiguous. 

Measurements of the angles described in this system are best 
made with a joint protractor with both limbs about 16 inches long. 
The margin of error is reduced by having the limbs long and of 
equal length. It is convenient to have a thumb screw at the cen- 
ter so that the limbs of the protractor may be fixed in position 
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when the instrument is applied at the proper angle on the joint 
(Fig. 8). The limbs of the protractor are applied so that they are 
in line with the bony axes of the parts on either side of the joint 
which is being measured. A deviation from this method is the 
commonest source of error. In fleshy persons some difficulty is 
experienced in applying the protractor in the proper line and in 
centering it accurately over the joint. For measuring rotation a 
protractor without limbs or connecting diameter is set over the’ 
limb like an arch. 








Fic. 8. Application of the protractor to the elbow joint. 


The normal limits of motion for each joint as here given can 
be considered only as approximate since there is a wide variation, 
dependent on the development of the soft parts and on habits of 
exercise of different persons. The figures given are for active 
movements. 


SHOULDER JOINTS 
The scapula moves more or less with all movements of the 


humerus, so that the limits of movement in the humeroglenoid ar- 
ticulation alone are not sharply defined. 


Flexion, forward and upward (with scapula)....... eee 7 
Flexion combined with internal rotation-.................................. a 
Extension, forward and downward.....................--.-..------2:-s-0----eeeeee-=- ...to 180° 
Hyperextension, from arm at side, moving backward (with 

I rastasnlennhiciaieebadinnn EE ee a See se Pee eee to 120° 
RE Ie OID eiticerregpptcetmcrenccotnesnereiipceanatinteniecvenesoavin ere 
Sa lin heiiiisdtielieetlirensdisbeniosdhl to 135° 
I ee oc sillanagttdittinisaiinipernicaetinssind”. an 
RE EE SE ETE 

ELBOW JOINTS 

Nn a ttcelbl inionesadicl RE ae Tate to 30° 
Extension ............... el ais ...to 180° 
Rotation (tedichumeral joint) 

EE 2 SE eee ree ea eee | to 180° 


ge TEE See Ne Bae 88 ST Rear to 40° 
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WRIST JOINTS 


ES a RAI SIL MRO ett iss ceindeabateesnpondebnadadiegatectnceduidiahbr ident to 
ES IAEA EE OE, SER OSD PN ER RA OE i OR TO EAD, to 
I a a i saline cello to 
SIS ES RED, A Oe ee ea RR! to 
SS TE ee eee, eee ..to 


METACARPOPHALANGEAL JOINTS 


ETS TRS EP EE eh BEIT a OAT RN Cae Ae RR to 
Extension ........... 2 aah SEAS oR CRN RO sae sips Tomiie othdateahipadectne Lo 
a a Lciecioslinersatncaaoisesecabenee Ee Be to 
Abduction (toward radius) 
Varies for different fingers ( II Index........... ae. Somes se eres to 
en WN Na to 
A re eal to 
Ne ...to 
Adduction (toward ulna) 
Varies-fer diferent fingers (If Index............................4...<. to 
5) Si.” RSS eeeeey oe ineseoa 
a eel to 
(Seen... Fe alate ee 


FINGER JOINTS 


re i a so vilamdpetllipossousibasnenittipns ...to 
(Distal joint)............. RAR OES MES RS ee ee CO Re a ee to 
a | Res. Tea ee ee ee, SSCS to 


Hyperextension, slight, and quite variable. 


THUMB JOINTS 


Trapezium-metacarpal joint.—This joint is theoretically a 
part of the wrist joint, but its motions are, within certain limits, 
independent of the wrist, thts differing from the other meta- 
carpals: It is limited more by muscles than by ligaments. 


I SE ae io rwnmnciipeeveoaplianun apiscubseusaionss-oeb sail to 
Extension’ ......... a betee hs cativo ta Michesiiotee nS el aes OO ae Nt Rea OES to 
Hyperextension (with abduction) <...........22.0022.....-eccccceeeeeeeeeeceeeeeeeene es to 
(A trifle farther than other metacarpals) 
Abduction ............: ~cibuscwartgetesqpseereceoesigrorrsoalyyecpeiicercenzeeesevecenseonensnceseceeesoneeres to 
SR MES CE BEC ibd SB RSS RR es a 4 ae es A SORE hae ....tO 
Proximal joint 
a NS hanced eainpsecnenb dip aleniodmbevatiens iiesiallicames to 
I rao oa then caesnediniabinnadenmiashiiiageiaaggeigsialiensetiell to 


IES EERE ONE AUB TERN nee ye SR OTT = to 





100° 
180° 
120° 
165° 
130° 


90° 
180° 
140° 


160° 
165° 
170° 
175° 


175° 
170° 
165° 
160° 


75° 
90° 
180° 


90° 


110° 


130° 
170° 


130° 
180° 
170° 
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me id Distal joint 
YE ne to 180° 
RE Ae to 90° 
FEV POPORCOMBIOR -...0.-...-.-0...cccececeecscoc0-see to 160° 


SPINAL JOINTS 


Any movement of the entire vertebral column, sacrum to atlas, 
is considered the sum of the movements of all the intervertebral 
articulations. The angle on which limitation of motion, except 
rotation, is measured is that between a perpendicular line pro- 
jected downward (the patient standing) from the lumbo-sacral ar- 
ticulation and a line from this articulation to the atlas. 

Rotation is measured by the deviation of the anterior pro- 
jection of the sagittal plane of the skull from the lateral plane of 
‘ the pelvis, as described. This gives the total rotation of the en- 
tire spine from sacrum to atlas. Rotation of the cervical portion 
of the spine is much more than that of all the rest of the spine. 
Keen estimates 25° for the atlanto-axoid joint, 45° for the rest of 
the neck, and 30° for the dorsolumbar spine on each side. This 
would give a total rotation excursion of 200° from extreme left to 
extreme right. It is unusual to find a spine in which that much 




















/ Fic. 7. Rotation of forearm. X-Y Lateral plane of trunk and of the humeral 
condyles which furnish the base. u-r—Lateral plane of forearm. wu Ulnar 
styloid, r—Radial styloid. A—Neutral position at 90°. B—Pronation (in- 
ternal rotation) to 45°. C—Supination (externai rotation) to 180°. 
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rotation is possible, but most spines will rotate through the total 
anterior half-circle arc of 180°. Movement of the pelvis is, of 
course, carefully excluded. 

Accurate analysis of spinal movements is absolutely impos- 
sible because (1) motion is not equally distributed, owing to the 
difference in thickness of the intervertebral disks, (2) the bodies 
are not circular and movement is easier in one direction than an- 
other, (3)-the spine is not straight but curved, and (4) motion 
varies in different regions. A little more than a fifth of the mo- 
tion is in the neck and a little less than a third is in the loins. 8 
(p. 142) 

Limits of motions in the spine have a very wide variation in 
different persons and in the same person depending, on age and 
habits of exercise. 


a snsshscduieciibpwtajamdadibooccinlictadinsiie pile to 110° 
aa a Oe sail wakdlah whos skoesbopnensebaineentedbbeanbaamonagl to 180° 
i a oe cousbdcheels dp unustnuiubeniepaciounenbion Ne ae to 150° 
RABOGME CORIO onan ncn cscicecnesceccncee! O88 RN Sal = LES aS AP. PT to 150° 
Rotation (neutral 90°) 

Sg DRE eicenesems ee ween cE Or meee to 0° 

a a eens endorses cbuuoiapindaantochiapabon to 180° 

HIP JOINTS 
Movements of the pelvis are, of course, excluded. 
Iu eh cdesecesuipuidbeionatesintl to 60° 
Sk hic aac hE Se er i eenicnneicomnali to 180° 
NRE PERETTI LM OL eS RT TEN Ae a RS to 160° 
RSA RISES LINEN WROD op en LP POSS: Lae Roane to 135° 
5 TC ESR RE DS NE SS Pe OATS Re CE RES to 145° 
PRED EME TEE SRE ES INE SE 7 OEE, DCR OE to 70° 
ERLE RT iPS RCCROEN Siboe 0 ODN ORR AE iS OSE TS to 135° 
KNEE JOINTS 

eid cubepelapeimbsieboodd to 35° 
AST SRE RES SPST eS 2S, os Se ce a aE cE ae to 180° 
ER SE CELE CLE MOE TIE AE ALE CIO CETTE to 170° 
Rotation, internal (prevented by crucial ligaments) -..................... to 90° 
Rotation, external (chiefly passive and only in semiflexion)........ to 120° 


ANKLE JOINTS 


The angle measured is that between the plantar plane of the 
foot and the long axis of the tibia. 











Ee 











A SYSTEM OF JOINT MEASUREMENTS 697 


The term “flexion” is used im the clinical sense of dorsal- 
flexion. The term “extension” is not used because it is confusing 
when applied to the ankle. There is no extension of the ankle anal- 
ogous to that of other joints. What is spoken of by anatomists as 
extension is really a hyperextension, the dorsal-fiexion of clinical 
terminology. 


IS Se ge 
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SUBASTRAGALOID JOINTS 


Calcaneo-astragalo-scaphoid.—The combined motion of these 
joints is a twisting rotation. The part which moves depends on 
whether the movement is produced by manipulation of the foot by 
the examiner or whether it is produced by the patient’s weight in 
standing. In manipulation, the astragalus is the fixed point and 
the anterior part of the foot is moved; the scaphoid glides outward 
and upward over the head of the astragalus in pronation, and 
downward and inward in supination. When the patient stands, 
the ball of the foot becomes the fixed point. In pronation the round 
head of the astragalus rolls inward and downward in the socket 
of the scaphoid, being pushed in that direction by the weight of the 
body. The mid tarsus is, of course, carried along inward and 
downward by the body weight when the movement of the astragalo- 
scaphoid joint has reached its limit. The os calcis also tilts inward 
and forward, bringing the calcaneo-astragaloid joint into play. 

The reverse movement of supination is active, produced by the 
posterior tibial, the flexor longus digitorium, and the flexor longus 
hallucis. The astragalus is pulled upward and outward, its head 
rotating in the concave articular surface of the scaphoid, the os 
calcis is straightened up, and the mid-tarsus is raised and carried 
outward. 

Accurate measurement of pronation and supination is hardly 
possible. The degree of pronation is best observed from directly 
behind the patient as he stands with feet parallel about 3 inches 


apart. 
MID-TARSAL JOINTS 


The mid-tarsal joints include the scapho-cubo-cuneiform and 
the tarso-metatarsal. The chief movements are abduction and ad- 
duction of the anterior part of the foot. These are not pure move- 
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ments, however; abduction is combined with a certain amount of 
pronation, and adduction with supination. 

There is also slight dorsal and plantar movement. Accurate 
measurement of these motions is impracticable. 


METATARSOPHALANGEAL JOINTS 


Theoretically, the metatarsophalangeal joints are capable of 
the same movements as the corresponding joints of the hands, but 
owing to immobilization of the toes in shoes the motion is very 
sharply limited. The usual position of rest is a hyperextension 
varying from an obtuse angle of about 160° in the first and fifth 
metatarsophalangeal joints to an angle sometimes as sharp as 90° 
in the second. Flexion beyond the straight line of 180° is scarcely 
ever possible in the ordinary foot, except in the great toe which in 
some cases can be brought a short distance beyond the 180° line 
and into the flexion arc proper to 170° or possibly 165°. Prac- 
tically all the movement of these joints, therefore, is in the hyper- 
extension arc. 


TOE JOINTS 


Motions of the toes are the same as those of the fingers, but 
very much limited. Flexion is possible to 160° or 150° in some 
cases and is a little more for the great toe than for the others. Ex- 
tension is usually not possible beyond about 170° except in the 
great toe which comes out easily to 180° and may even be hyper- 
extended a trifle. 


SPECIAL APPLICATIONS 


The carrying angle.—The carrying angle of the elbow is in- 
cluded between the long axis of the humerus and the long axis of 
the forearm; it averages 164° according to Mikulicz. It is said 
to be more acute in females than in males on account of the greater 
width of the pelvis. In cubitus valgus the angle is more acute than 
normal and measures less than 160°, in cubitus varus it measures 
170° or more. 

Hallux valgus.—The degree of deformity in hallux valgus is 
measured on the arc of the angle between the long axis of the first 
metatarsal and the long axis of the great toe bones. The smaller 
the angle the greater the deformity. 
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Coxa vara.—The angle measured lies between the long axis of 
€19 the femoral neck and the long axis of the shaft. This angle is nor- 
mally about 125°. 8 (p. 359). In coxa vara it is reduced, sometimes 


even to 90° or less. 


SUMMARY 


All joint movements are measured on a half-circle are from 
0° to 180°. 

The zero end of this arc is toward the head and the neutral 
position is 180° for all movements except rotation. For rotation, 
including pronation and supination, the zero end is toward the 
median body line (on the left for the spine) and the neutral po- 
sition is 90°. 

Extension is a movement toward 180° and flexion toward 0° 
on the flexor half-circle arc in the anteroposterior plane. 

Hyperextension is a movement toward 0° on the half-circle 
arc on the extensor side of the joint in the anteroposterior plane. 

Abduction and adduction are both movements toward 0° in 

the lateral plane, the former on the half-circle arc lying external 
to the joint, and the latter on the half-circle arc lying internal to 
the joint. 
T Internal rotation is toward 0° and external toward 180° on 
the anterior half-circle arc in the transverse plane. For the spine 
rotation to the patient’s left is toward 0° and to his right toward 
¢ 180°. 

The number of degrees stated in records by this system indi- 
cates the limit of motion on the half-circle scale and not the amount 
of motion. 
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NEWS NOTES 
Lan- 


cet, London, Sept. 18, 1920, 2, No. 5064, p. 598. 

Whitman, R. The Abduction Method Considered as the Standard Routine 
in the Treatment of Fracture of the Neck of the Femur. J. of Orth. 
Surgery, Oct. 1920, Vol. 2, No. 10, p. 547. 

Wideroe, S. The Functional Treatment of Fracture of the Clavicle Zen- 
tralbl. J. Chir., 1920, XLVII, p. 562. 

Worster-Drought, C. Condenser Tests in Diagnosis and Prognosis of Nerve 
Injuries. British Med. J., London, Sept. 11, 1920, 2, No. 3115, p. 389. 


In the November bibliography the article, ““The Treatment of 
Spetic Fractures,” was indexed under G. W. Crile. This was a 


mistake and should be D. W. Crile. 





News Notes 


The Home of the Merciful Savior for Crippled Children in 
Philadelphia has just received $10,000 as a bequest from Emily 


Baker Elliott. 

Dr. LeRoy C. Abbott, Major Medical Corps, has assumed his 
duties as Assistant Professor, Department of Surgery, at the Uni- 
versity of Michigan. Dr. Abbott returned to this country during 
the summer after a year with Sir Harold Stiles at Edinburgh. For 
two years he was on duty principally in Edinburgh, London and 
Savenay. His military record was one of exceptionally fine service. 


Dr. Clarence E. Coon announces the removal of his office to the 
Syracuse Clinic, 405 Fayette Park, Syracuse, New York, where he 
will conduct his practice as a member of a group. 











Current Orthopaedic Literature 





THE TREATMENT OF INJURIES TO ATHLETES. By Harry Eaton Stewart, M. D., New 
Haven, Connecticut. Jour. A. M. A., May 3, 1920, Vol. 74, No. 14. 


Most of the injuries due to athletics fall into one of these classes: (1) 
muscle bruise; (2) torn ligaments; (3) torn muscle insertions; (4) sub- 
periosteal hematoma, or (5) tenosynovitis. 

Muscle Bruise.—This injury is the most common we meet in football 
players. It is usually caused by the shoulder of the tackler hitting the run- 
ner with great force on the front of the thigh. There follows at once pain, 
weakness, swelling and stiffness of the extensors of the leg. 

The pathologic condition varies with the force of the blow and the hard- 
ness of the player. There may be only a slight bruising, which massage 
at once and continued light use will entirely eradicate. Generally the muscle 
fibre will be found torn and matted together with considerable extravasation 
of blood and lymph. 

The muscle should be relaxed, bandaged firmly, and rested 24 hours. 
After that period, treatment by the application of heat is begun. Baking is 
good, but does not penetrate deeply as the high frequency does. This current 
is usually given in the form of direct diathermy. A still more efficacious and 
better controlled method is by indirect diathermy. With the patient on the 
autocondensation pad or cushion attached to one pole of the d’Arsonval cur- 
rent, the other pole is applied directly over the injured muscle by the vacuum 
or, better still, a nonvacuum electrode. It is important to keep this electrode 
moving rapidly over’the surface. A little powder applied to the skin will 
aid in the ease with which the electrode can be moved. Care must be taken 
that the cords are insulated; a picce of rubber tubing will serve the purpose. 
If a steel table is used, one should avoid any possibility of the patient’s touch- 
ing the table during treatment. 

Massage is begun the second or third day, very gently at first, only ef- 
fleurage and light petrissage being used. During succeeding days the massage 
should be given with greater vigor. Tapotement or even the high power motcr 
vibrator may be necessary to free the muscle fibers. These measures should 
be resorted to at once when the case is not seen until several days after the 
injury. ; 

In a few of the cases the injury was at first deemed slight and received 
vigorous treatment at the hands of the team “rubber.” 

Torn Ligaments.—Sir Robert Jones has given us the key to the proper 
treatment of these injuries: relaxation, partial protection, and guarded but 
constant use. For example, a tear of the external lateral ligament of the 
ankle. Raising the outer side of the heel and a reversed flat-foot strapping 
would secure the relaxation and protection necessary. Gradually increased 
walking on the level with a graded schedule of carefully applied passive, and 
resistive movements will bring quicker results than complete immobility, 
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which is often followed by a long period of distressing stiffness. The use of 
heat, diathermy, and massage will greatly hasten the repair process. 

Torn Muscle Insertions.—These injuries are encountered in football and 
basketball, but are most common in track athletics, frequently following 
sprints and sprint starts before the runner has thoroughly warmed up. The 
general course of the treatment is the same as that already outlined, except 
that the relaxation must be complete, secured by splints or sand bag, if neces- 
sary, and held at least two weeks before active treatment is instituted; and 
care must be taken not to tear the newly formed atachments. 

Subperiosteal Hematoma.—This is the true “Charlie horse” for which the 
muscle bruise is so commonly mistaken. It should be treated by rest and 
firm bandaging until the hemorrhage is stopped, and then by heat and mas- 
sage to promote absorption of the clot. The massage should be confined to 
frictions and deep stroking. 

Tenosynovitis.—We find this condition early in the season in most sports, 
and generally confined to the Achilles tendon. It may follow the distance 
runner all thru the track season. Acute conditions demand absolute rest, 
heat and gentle stroking. Chronic cases clear up with remarkable rapidity 
when treated with indirect diathermy and massage. In some of these cases 
the tendosynovial fluid will be found inspissated, and at times solidified and 
broken up. More prolonged and intense heat and massage with friction are 
indicated. 





BONE CHANGES IN FEET FOLLOWING FRACTURE OF VERTEBRA. Lloyd Bryan, M. D. 
Am, Jr. Roentgenology, 1920, Vol. VII, page 3. 


Attention is called to the fact that bone changes are associated with nerve 
lesions and are frequent. Among these are Charcot joints and changes in the 
phalanges, metacarpals and metatarsals in leprosy, and syringomyelia. Little 
attention has been given to the bony changes in legs and feet following frac- 
ture of the vertebra, hence these cases. 

The first is that of a man who eleven years previous had fallen from a 
scaffold, fracturing the spine and giving typical symptoms. To the present 
the sensory disturbance of feet and legs had not improved; the legs showed 
muscular atrophy and the toes plantar flexion. Contracture had necessitated 
amputation of the second and third digits of right foot three years ago, and 
of the fourth digit of left foot one year ago. There was a small ulcer of the 
left foot at base of fifth digit. 

Roentgen examination showed flattening and thickening about superior 
surface of both ankles. There was a loose fragment on the right side. The 
left foot showed dislocation of the third metatarsal phalangeal articulation and 
erosion of the distal end of proximal phalanx and sharp spur on lateral surface. 
The proximal phalanx of the fifth digit showed erosion of the base and hyper 
trophic changes. Relatively similar pathological changes were demonstrated 
in various parts of the right foot. 

The other is a case of fractured vertebra eight years previous, the left 
limb only being affected. He now has anesthesia of left heel and posterior 
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portion of ankle, plantar and dorsal surfaces of lateral portion of foot cor- 
responding to thé cutaneous supply of the external saphenous and internal 
calcaneus and external plantar nerves. There was an ulcerative area on the 
plantar surface of left heel, and sinus leading to the bone. Roentgen examina- 
tion showed increased density of os calcis of lower two-thirds. Plantar surface 
is broken up into several fragments, and hypertrophic changes exist. 

The deduction from these cases is that the bony changes may be accounted 
for by the theory of repeated trauma to bones or joints lacking the warning 


sense of pain. 


REPOSITION AND RETENTION OF FRACTURES BY MEANS OF SCREW AND PLASTER 
Spurnt. By Kurt Ansinn. Archiv f. Orthopaed. u. Unfall-Chirurgie. XVI 
Band. 4 Heft. June, 1919, page 548. 


The author describes a new and very simple method to gain perfect appo- 
sition of the fractured ends, whenever traction has failed and open operation 


is undesirable. 

The technic is as follows: A long screw (a) is driven into the fragment 
which cannot be reduced. The screw is placed perpendicularly to the bone. 
After that a plaster of Paris splint is applied leaving the end of the screw out 
of it. Over the protruding part of the strew a metal dise (b) is placed and 
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a nut is screwed on. After the splint has hardened, the nut is tightened with 
a key (d) until the fragments are in apposition. This process takes place 
behind a fluoroscope. The screw is left in place about 14 days. At this time 
it is removed with ease and safety that the fragments will hold since con- 
solidation has already’ occurred. 

The author has used this method in various cases and with great success. 

These illustrations of one of the quoted cases in the article speak for them- 
selves and do not need further explanation.—A. Gottlieb, M. D., San Fran- 


cisco, Calif. 
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OSTEOMALACIA: A Stupy OF THE EFFECTS OF CERTAIN ORGAN EXTRACTS AND 
OOPHORECTOMY ON THE METABOLISM OF CALCIUM AND MAGNESIUM. By Hugo 
A. Freund, A. B., M. D., and Bruce C. Lockwood, A. B., M. D., Detroit, 
Mich. Annals of Medicine, Vol. 1, April, 1920. 


The investigation is the result of an opportunity which the writers have 
had of studying, clinically, and investigating the chemical pathology of a case 
of osteomalacia. 

Examination of the pelvis reveals a slightly relaxed vaginal outlet. There 
is a slight tear of the cervix. The utcrus is in good position. The adnexa are 
not felt. 

Extremities.—The lower third of the right tibia is deformed. There are 
two small irregular callus-like formations felt on the anterior surface at about 
the middle third, very tender to the slightest pressure. There are two similar 
areas on the right tibia. All the bones cf the lower extremities are very 
sensitive to pressure. There are two similar areas on the rig't tibia. All 
the bones of the lower extremities are very sensitive to pressure, especially 
the bones of the pelvic girdle. 

Roentgen examination.—These were made of the long bones. The plates 
show a widespread decalcification with loss of the trabeculations and thinning 
of the cortex. In the middle third of the humerus and in the upper third 
of the tibia there are fractures. There is a small amount of callus. The 
writers would class these as pathological fractures. 

X-ray of the head was negative. Sella of normal size and outline. 

Soon after osteomalacia was first recognized as a disease, it was shown 
by clinical and anatomical observation that it was not identical with rickets. 
It was demonstrated that it was a decalcification of the bone similar to tat 
which takes place when bone is placed in hydrochloric acid. 

The essential changes as found in the inorganic constituents of bone that 
occur in csteomalacia are a loss of calcium content with an increase in the 
amount of magnesium content. It is assumed that the latter is laid down to 
compensate for the loss cf ‘the former. 

Pathological Observations.—The bones in csteomalacia are soft and can 
often be squeezed or twisted. On section, cystic cavities of various sizes are 
often seen, much reducing the bone substance. In consequence, the specific 
gravity is often reduced from 1.877 to as low as 0.72. The bones are easily 
penetrated by the roentgen rays, depending upon their decreased density. 

On microscopical examination, osteoid tissue is found in the interior of 
the bone in proximity to the Haversian canals. In rickets, similar osteoid 
tissue is found at the junction of the epiphysis and diaphysis and beneath the 
periosteum and is considered new bone. There is reason to assume that the 
osteoid tissue in osteomalacia is also new tissue. von Recklinghausen calls at 
tention to the abundance of osteoblasts and Sharpey’s fibers, and to the 
“youthful” appearance of many of the bone corpuscles as evidence that the 
osteoid tissue is new tissue. 

From their observations the writers conclude that their work bears out 
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the results of other investigations, viz., that there is a marked calcium loss. 
The magnesium was not retained in this case but showed a minute loss. 

In contrast to other cases the greater amount cf calcium was excreted 
thru the urine. The administration of glandular extracts exhibited a strik- 
ing effect in but one instance. This could not be followed up after all analyses 
were completed because the patient passed out of their control. 

The results were as follows: 

1. During thyroid administration there was a marked increase in the 
loss.of both calcium and magnesium. 

2. After pituitrin there was a still greater loss of calcium while the mag- 
nesium was scarcely affected. 

3. During parathyroid administration there was a retention of both cal- 
cium and magnesium. 

4. After removal of the ovaries there was a much greater loss of calcium 
and a slightly greater loss of magnesium than at any preceding observation.— 
Leo C. Donnelly, Detroit. 
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